Economic growth, development and exhaustible natural resources by Nili, Farhad
Economic Growth, Development
and
Exhaustible Natural Resources
Farhad Nili
Thesis Submitted for the Degree of
Doctor of Philosophy
University of York
Department of Economics and Related Studies
May 2002
This thesis contains three essays on growth, development and exhaustible
natural resources. The first essay examines the choice of occupation between
productive activities and rent-seeking in an oil economy. Three regimes can
occur: no rent-seeking, coexistence of rent-seeking and productive activity and
full rent-seeking. An oil boom may boost GDP through a multiplier effect, or
raise it less than proportional. The boom may even lower GDP depending on
its impact on the allocation of talent and provision of public productive services.
Booms may, however, be a curse even when the voracity effect, by which fiscal
transfers grow at a higher rate than the size of windfalls, is not operative.
The rest of the thesis centres around the transitional dynamics of the Lucas-
type growth models. When the ratio of physical to human capital is sufficiently
high, transition paths of consumption and physical capital are U-shaped. They
fall for a finite period and then rise. This distinguishes the stages of transition in
the Lucas setup from that of Ramsey. We find that the oil economies, which are
relatively rich in terms of physical capital, have failed to develop human capital
accordingly. This capital imbalance may lead to a high but unsustainable level
of consumption. It may also rationalize the negative growth effect of oil windfalls
when consumption smoothing is not strong.
The third essay extends the Aghion-Howitt growth model, augmented by ex-
haustible resources, to address the coexistence of the steady state and transitional
dynamics. We establish the existence of transition and show that the dynam-
ics of resource extraction does not affect other sectors. The model, therefore,
shares the same dynamics with the Lucas model. If-shaped path of consumption
and physical capital, thus, reveals that some endogenous growth models may not
produce sustainable development paths in their transition stage.
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Chapter 1
Introduction
This thesis elaborates the significanceof a nonrenewable natural resource for de-
velopment and economic growth. This is carried out from two different perspec-
tives. First, the growth and development of natural resource-based economies
and second, the case where economic growth is limited by exhaustible resources.
In the former, the endowment of natural resources and the stream of income
generated by its possession, in developing resource-based economies, is consid-
ered. Whilst in the latter, the emphasis is on the use of natural resources in the
production process and the limitations that their exhaustibility may impose on
the sustainability of growth.
The first perspective examines the growth and the level effects of natural
resource endowment and resource booms. This also covers some development-
related issues like rent-seeking, the allocation of talent, provision of public services
and imbalance between physical and human capital in a category of economies
that are heavily dependent on exhaustible resources. This in particular includes
oil-abundant countries such as Algeria, Bahrain, Iran, Iraq, Kuwait, Mexico,
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Nigeria, Saudi Arabia, Trinidad and Tobago, Venezuela and Yemen.
The assumed characteristics of the typical economy analyzed along the second
perspective, however, more suitably reflects the features of industrial countries.
Here the economy consumes the flow of the exhaustible resource as an essential
input of production and enjoys a continuous and endogenous stream of technical
progress. The main concern is to examine under what conditions a sustainable
level of output and consumption is feasible.
Besides the Introduction and Conclusion, the thesis is organized in three other
chapters. Chapter 2 considers the special features of rent-seeking in oil economies
and examines the extent to which unproductive activities can explain the poor
performance of resource-based economies.
The third chapter is devoted to the transitional dynamics of two-sector en-
dogenous growth models in the tradition of Lucas(1988). The main task of this
Chapter is to identify the effect of capital imbalance on the dynamics of consump-
tion, physical capital and output growth. We apply the logic of this Chapter to
address the slow economic growth of natural resource economies and in particular
oil-rich ones.
In Chapter 4, by using the model of Chapter 3 as a building block, the char-
acteristics of endogenous growth models are explored where one of the essential
factors of production is nonrenewable and in finite supply. We consider transi-
tional dynamics of the growth model developed by Aghion and Howitt(1998, eh.
5), augmented by an exhaustible resource. While sustainability of growth at the
steady state is the main question of the original model, we investigate it along
the transition path.
The approach taken throughout the thesis is theoretical. To give an idea
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about the way which the results of our models match with the real world data,
however, we simulate the model presented in Chapter 3. Apart from validation
of the arguments, this allows us to proceed where analytical methods are not
applicable.
Further to its theoretical merits, this thesis also rationalizes some of the
aspects of poor performance of oil economies in Chapters 2 and 3. We relate
our model on rent-seeking in Chapter 2 and our findings, on U-shaped path of
consumption and physical capital and the dynamics of output growth, in Chapter
3 to empirical evidence on the growth and level effects of resource booms in oil
economies. We do not carry out a test of any sort to match our theoretical
findings with the empirical observations. We consult however empirical findings
of other studies to evaluate how relevant is our arguments in the context of actual
economies. This provides some "regularities" associated with performance of oil
economies that can be used as "guidelines" to support the theoretical approach
outlined in this study.
In the remaining parts, we describe our principal findings where the details
and formal concepts are skipped.
1.1 Rent-seeking in oil economies
In Chapter 2, we consider an economy consisting of two sectors; the production
and the endowment sector. The former, also called the genuine production econ-
omy, produces a final good, using labour and public productive services delivered
by the government. The output of the endowment sector, on the other hand, is
the flow of natural resources which is extracted from the ground. By neglecting
the cost of extraction, we treat the output of this sector as a gift of nature that
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does not require an input. We further assume that this output is transformed
one-to-one into the final product such that their sums make GDP.
Besides engagement in productive activities, agents may choose to be rent-
seeker. This requires lobbying the government to divert public expenditures
away from productive services toward fiscal transfers. Political influence is more
effective, the more people engage in rent-seeking and the higher is the resource
rent.
We abstract from the political equilibrium arising from competition between
producers and rent-seekers. We also ignore the active role of the fiscal authority
itself. These hinge on two simplifications. First we assume that the fiscal author-
ity does not have an objective of its own and solely transmits the preferences of
pressure groups. In the second simplification, we rely on Becker(1983)'s concept
of influence function which represents the reduced form of political competition.
The fiscal authority monopolizes the pool of natural resources and treats its
output as a source of public revenues. Income tax levied from the producers is
another source of public income. Public expenditures comprises public services
and fiscal transfers and the fiscal budget is assumed to be always in balance.
The model is static and abstracts from intertemporal substitution of re-
sources. In particular there is no consumption-saving choice.
The allocation of human resources between the existing activities is gov-
erned by the reward structure. Producers' wage rates are equal to their after-tax
marginal productivity. Payoff to the rent-seekers, on the other hand, is the fiscal
transfers net of their contribution to the rent-seeking contest. This generates a
two-sided link between the reward structure and the allocation of talent.
Three regimes can occur. In the good equilibrium, the payoff to the produc-
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ers is high enough to ensure that nobody has an incentive to be a rent-seeker.
Another regime is the case of coexistence of productive activity and rent-seeking,
where people are equally paid in both activities and have no incentive for devi-
ation from their current career. Finally, there is a possibility for the occurrence
of full rent-seeking, where relatively high payoffs to the rent-seekers discourage
people from becoming producers.
The latter regime is not feasible in the predator-prey type models where preda-
tors require a minimum amount of production to grab. In our model, natural
resource rent is the source of rent-seekers' income. Hence they can survive even
when there is no production.
The main contribution of our study is to elaborate the level effect of natural
resource booms. In order to do so, we identify the impact of the boom on different
aspects of the host economy including the reward structure, the allocation of
talent, the provision of public services, the output of genuine production, the
level of GDP, and finally the natural resource intensity.
Based on the characteristics of the influence function, we classify the boom
impacts into three mutually exclusively cases. In case one, the host economy
only gains from a resource boom. It increases returns to both productive and
unproductive activities, but raises the relative attractiveness of the former. For
this reason a boom improves the allocation of talent in favour of productive
activities and reduces the extent of diversion. A boom also, in this case, promotes
the provision of public productive services. It therefore raises genuine production
for two reasons. It has a positive level effect and expands GDP more than
proportionally. The effect of booms on natural resource intensity is not clear in
this case.
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A resource boom in the second case induces both gains and losses. It pro-
motes returns to productive activities and rent-seeking, but makes the latter
more attractive. As a result, a boom in this case motivates producers to become
rent-seekers. By increasing the amount of public services, the boom on the other
hand boosts production. The net effect of the boom on production depends on
the interaction of the negative effect of diversion of labour away from production
and the positive effect of the extra public goods that the boom offers. The level
effect of the boom and its impact on resource intensity is not clear in this case.
Finally, a boom may only generate losses. It raises the return to rent-seekers
and lowers the pay to the producers. It therefore affects the incentive in favour
of rent-seeking and supports the diversion of human resources. A boom in this
case lowers the provision of public productive services. As a result, it shrinks the
genuine production sector for two reasons. The overall welfare effect depends on
the size of the negative effect of the boom on production sector and its positive
direct effect. By reducing the size of the production economy and increasing
the size of the endowment economy, a resource boom in this case changes the
composition of GDP and raises the natural resource intensity.
Our treatment of the effects of a boom in this study is inclusive in the sense
that it accommodates both the gains and losses of resource booms on hosting
economies. In particular, our investigation captures the horror side of booms as
an special case. We show that the voracity effect, by which the redistribution
induced by a boom grows more rapidly than the size of boom, is a sufficient but
not necessary condition for the boom to be counterproductive. A boom may
result in a net loss even when the voracity is not present.
Owing to its static nature, our model is unable to address the growth effect of
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booms. It does, however, generate the level effect and traces it back to the boom's
impact on the allocation of labour and the provision of public productive services.
This, along with the direct contribution of a boom, determines its overall welfare
effect. Regarding the adverse level effect of diversion of human resources, our
results accord with those of Hall and Jones(1999) and Romer(2001, sec. 3.11)
who address the role of social infrastructure in level differences across countries.
Our exposition in Chapter 2 extends along the original idea of Baumol(1990)
who outlines the importance of the allocation of talent rather than its pure supply
for economic success and the role of relative payoffs under this allocation. Our
departure point is that here there is a two-sided link between the reward structure
and the allocation of human resources. The relative payoff is no longer exogenous,
though there are naturally some exogenous elements in the reward structure.
In addition to the specific aspects of rent-seeking in oil economies, our re-
sults bear some similarities with the earlier contributions concerning the effect
of rent-seeking on the allocation of talent; e.g. by Murphy et al. (1991), Ace-
moglu(1995), Acemoglu and Verdier (2000), the growth effect of this occupational
choice, e.g. by Murphy et al. (1991,93), or its effect on the level of production by
Murphyet al. (1993), Hall and Jones(1999) and Romer(2001, sec. 3.11). These
studies in general apply a prey and predator model' where rent-seekers with a
predetermined probability meet producers and appropriate part of their income.
In our model, the government acts as an intermediary that taxes the producers
and extracts the natural resources to finance the productive services and public
IGrossman(1998) offers a unified framework for the interaction of producers and predators
in terms of the resources that they use for defensive and offensive purposes respectively. Bau-
mol(1990) also in a historical approach, shows how unproductive entrepreneurship has been
gradually transformed from military activities to less violent forms of rent seeking.
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transfers in favour of producers and rent-seekers respectively. No party plays an
explicitly predatory role, though producers are underpaid due to the presence of
rent-seeking.
Given the appropriation rate and the probability of inspection of producers
by rent-seekers, the size of rent, in the above mentioned group of literature,
is determined in terms of the producers' income. In our model, instead, the
source of rent is external for individual rent-seekers but depends on the extent
of lobbying. The rent is financed by natural resources and is beneficial for both
producers and rent-seekers. The government is also neutral with respect to the
inefficienciesgenerated by rent-seeking and its budget represents the influence of
rent-seekers' lobbying.
In contrast with the predator-prey models, here the core of rent-seeking lies
in the appropriation of the natural resources through lobbying. In this view,
our model is in line with the common pool and open access models of Lane and
Tornell(1996), Tornell and Lane(1998,99) and Tornell(1999). Rent-seekers in our
model, due to their political influence, have the ability to extract transfers from
the government that further must balance its budget. These transfers result
in taxes on production and also depletion of the oil stock. Thus the power to
extract transfers gives rent-seekers common access - via the government budget
constraint - to the public revenues.
Chapter 2 also captures the main features of the voracity effect introduced
by Lane and Tornell. We do not explain why redistribution of windfalls may
exceed the size of windfall, but rationalize how it operates. In particular, our
study elaborates how, in the presence of the voracity effect, a boom supports
diversion and pushes the economy toward acute rent-seeking. We further show
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that equilibrium switching from coexistence of both activities to full rent-seeking
is likely even when the voracity effect is not operative.
The closest studies to Chapter 2, in the question of research, is Baland and
Francois(2000) and Torvik(2002). The former considers the interaction between
entrepreneurs and rent-seekers in a developing economy where entrepreneurs
are manufacturers and rent-seekers hold import licences. The Baland-Francois's
model shares with us the establishment of full rent-seeking equilibrium. Their
main message is also very close to ours. The effect of an increase in the value
of the economy's endowment of productive resources on the allocation of human
resources between productive and unproductive activities depends critically on
the nature of the equilibrium in which the economy stays. The higher the initial
proportion of agents engaged in entrepreneurship, the more likely the resource
boom is to favour productive activity.
The measure of entrepreneurship in the Baland-Francois model is the number
of existing industrial sectors where production by domestic entrepreneurs takes
place. When a good is produced domestically in a sector, it brings profit to the
entrepreneur and destroys the rent of the licence holder. Rent-seeking is therefore
a passive activity which is taken as residual with respect to manufacturing. The
former group holds the licence for a sector unless manufacturers replace them.
Paradoxically people are better off when the industrialized goods are produced
domestically instead of importing them from the world market.
The effect of a resource boom on the extent of rent-seeking in Baland and
Francois(2000), like ours, depends on the pre-boom situation. In our model
however, a boom may support productive activities when the pre-boom level of
rent-seeking intensity is low, but not necessary zero. Having noticed that a good
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equilibrium is an unlikely situation in actual economies, our results seem more
consistent with the empirical evidence than those of Baland and Francois.
Concerning the size effect of booms, Torvik(2002) arrives at a similar conclu-
sion, albeit his argument is totally different. Natural resource abundance in his
model increases the number of entrepreneurs engaged in rent seeking. With a
demand externality, the drop in income as a result of this shift of labour can be
higher than the increase in income from the natural resource. In our model there
is no increasing returns in the production economy, but the diversion of public
productive resources induced by resource booms amplifies the adverse size effect
of misallocation of talent. This may totally offset the contribution of a windfall.
Another close study in spirit to ours is Svensson(2000) who focuses on the
relationship between rent-seeking and windfalls where the latter is financed either
by natural resource boom or foreign aid. Despite using a completely different
model, in terms of assumptions and results, Svensson's study, where he focuses on
the similar aspects of resource boom and foreign aid, shares some of our findings.
Taking the exogenous component of public revenues as stochastic, Svensson shows
that the mere expectation of aid may suffice to increase rent dissipation and
productive public spending.
Grossman and Mendoza(2001)'s work is another attempt to understand the
effect of the resource endowment on the allocation of time and effort to appro-
priative conflict. They find that the anticipated resource abundance amplifies
the extent of diversion of human resources into unproductive activities.
Grossman and Mendoza do not consider the effect of an increase in the value
of endowment on the incentive structure that subsequently encourages or discour-
ages unproductive activities. The institutional similarity originated from natural
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resource revenues and the link between rent-seeking and plenty in mining states
is missing in the Grossman-Mendoza model. Neither does the political distribu-
tion of rents playa role in their model. Nevertheless their approach in reducing
the intertemporal aspect of the analysis into the survival problem seems to be
fruitful for one who wants to unveil the dynamic aspect of the current problem.
The present study also relates to that ofBoyce(1998)who applies Becker(1983)'s
political game to natural resources quota allocation. The distinction is that,
Boyce studies purely the effect of a rent-seeking contest on the appropriation
of an open access natural resource, while in our case rent-seekers in addition
to competition among themselves, compete with the producers to appropriate
natural resources as the prize of the contest.
The idea that government transfers are likely to bring about considerable
rent-seeking waste is referred to in Tullock]1967)'s original paper. Following
that, Katz and Rosenberg(1989} in an initial step toward what they called the
macroeconomic effect of rent-seeking estimate the extent of rent-seeking by cal-
culating the total change in the proportion of government spending. Our study
is close to the Katz-Rosenberg idea because we consider rent-seeking in a macro
framework and also trace back the effect of rent-seeking on the composition of
public expenditure. The main distinction is that we consider both the causes and
effects of rent-seeking. In our model, lobbying channels government expenditures
toward rent-seekers and we are not interested in total change in public spending.
Another related work is Gradstein(1993) who considers transfer of rent as
a by-product of the provision of public goods by a non-benevolent government.
The difference in our work is the link between public goods models incorporating
rent-seeking and occupational choice in natural resource economies.
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Our approach is also related to that of Chung(1996) in whose paper the size
of award to rent-seekers increases with the rent-seeking activities. The link in our
model is however indirect and acts through the political influence of lobbying.
Kahana and Nitzan(1999) is another relevant study where the potential benefi-
ciaries of the rents attempt to influence their political allocation. The reason for
lobbying is that the government is not perfectly credible and thus may not stand
by its commitment and actually make the promised rent. In our case, there is no
uncertainty of award but there is room for cultivation of the Treasury's interest
in spending more on public transfers.
The contributions of Chapter 2 are mainly theoretical. Our findings, however,
accord with the empirical evidence that are documented in the literature. We
link the establishment of full rent-seeking equilibrium with the existence of acute
rent-seeking in some oil economies and explain why natural resource abundant
economies may be more tolerant towards rent-seeking. They have the common
features of large wealth but slow growth which makes them attractive for rent-
seeking. Slow growth reduces the attractiveness of innovation. Furthermore,
rent-seekers are well-paid because a lot of wealth is up to be grabbed.
Our analysis also explains why some resource abundant economies lack the so-
cial infrastructure favourable to production. When rent-seeking is the dominant
activity, agents lack the incentive for the accumulation of skills or the develop-
ment of new goods and production techniques. In this situation "the society may
also lack the 'social/political will' to change the status quo." Acemoglu(1995)
We also appeal to multiplicity of equilibria to account for cross-country dif-
ferences amongst oil economies. In addition, we link our findings with a wealth of
empirical evidence on the cases where resource booms are proved to have made
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a net loss to their host economies.
1.2 Dynamics of the Lucas-type growth models
Chapter 3 explores the transition paths of consumption and physical capital and
the local dynamics of output growth in the Lucas-type two-sector endogenous
growth models. The novelty is that we merely rely on analytical methods and
do not confine our analysis to the vicinity of the steady state.
The Lucas assumption, by which one sector specializes only in one type of
capital, is crucial for our results. This implies that the main variables respond
in an asymmetric fashion to the relative scarcity of one type of capital with
respect to another. It identifies a cluster of endogenous growth models, including
established R&D-based settings, that share the Lucas assumption.
The Chapter serves two distinct but related aims of this thesis. It explains
the effect of bias in the portfolio of wealth of a country in favour of one type of
capital. It also provides a setup that can be successfully extended to a growth
model incorporating the flowof natural resources as an input of production. The
former unveilssomeof the aspects of the development failure of oil economiesthat
have not been covered in Chapter 2. The latter provides the required elements
of our analysis in Chapter 4.
1.2.1 Theoretical findings
The Chapter incorporates two main contributions as follows.
If-shaped path of consumption and physical capital Whereas human
capital accumulation enhances output growth, consumption and physical capital,
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this is not the case for physical capital deepening. An increase in the relative size
of physical capital may lead to a fall in consumption and decumulation ofphysical
capital along their off-balanced paths. They firstly fall for a finite period and
then rise along their transition toward the steady state resulting in a V-shaped
time profile of both consumption and physical capital.
When the initial output-capital ratio is far short of its steady state, four
episodes occur. First, both consumption and physical capital fall, then con-
sumption rises but physical capital still decumulates. In the third phase, both
variables rise at different rates and finally, at the steady state they both grow
with a common and constant rate.
We show how the extent of consumption smoothing affect the sequence of
stages of transition of consumption and physical capital. We also distinguish
the situation in which consumption and physical capital fall in the Lucas model,
from overaccumulation of capital in the Ramsey model.
Local dynamics of output growth Transition dynamics of output growth
around the steady state is also studied in this Chapter. We classify the local
dynamics of the rate of growth of output according to the magnitude of in-
tertemporal elasticity of consumption. The output growth undershoots its long
run value in most cases exhibiting a If-shaped behaviour. As the intertemporal
elasticity of consumption falls, the minimum ofoutput growth corresponds higher
values of human to physical capital ratio. Wehowevershow that when consump-
tion smoothing is not strong enough, output growth is increasing in the ratio of
human to physical capital. The latter result is also globally valid if consumption
smoothing is sufficientlyweak.
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1.2.2 Applications
We present two applications for our theoretical findings in Chapter 3.
The growth effect of oil abundance We apply the logic of Rodriguez and
Sachs(1999) to a Lucas-type endogenous growth model. We take the stream of
oil rent as a free good that facilitates accumulation of physical capital. This ap-
paratus is compatible with regularities of oil economies that are affluent in terms
of plant and equipment but are underdeveloped in terms of skill and knowledge.
An unexpected oil boom with known size and duration, boosts consumption and
physical capital temporarily but leaves the level of human capital intact. By
creating a surplus supply in the product market, it, thus, displaces the econ-
omy away from its steady state and reduces output growth if the elasticity of
substitution is large enough.
We believe that besides explanations like Dutch disease, coordination failure
and rent-seeking, capital imbalance provides a plausible justification for unex-
plained aspects of poor growth performance of oil economies. The cause of fail-
ure, in this regard, lies in the high ratio of physical to human capital rather than
overaccumulation of capital per se.
Sustainability and optimality Contrasting two notions of sustainability and
optimality, in a concrete way, is another contribution of Chapter 3. Ifwe interpret
sustainability as the non-declining path of consumption or physical capital, our
findings distinguish this concept from the sustained growth in the long-run. We
show that in the presence of the latter, the former might be violated. In other
words, sustained growth as described in the endogenous growth literature, is
necessary but not sufficient for a non-declining trend of living standard in the
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short and medium term.
The occurrence of this situation depends on the extent of the sectorial im-
balance in the economy. The length of the period in which the standard of life
continually declines depends on the productivity of learning technology. Hence
although endogenous growth theory reconciles optimality and sustainability as
two different criteria that a desirable path of development should meet, when
transitional dynamics are taken into account the two issues may still be in con-
flict.
Endogenous growth theory provides a situation where the optimal growth
path is sustainable. The analysis of transitional dynamics is, however, over-
whelmed in the literature. This, in particular, needs to be taken into account
where the rate of convergence is low or the economy is far from its steady state
is misleading.
We claim that, although in an endogenous growth framework, the notions of
optimality and sustain ability are reconciled in the steady state, the former de-
parts from the latter when the optimal paths of consumption and physical capital
are declining. This happens where the long-run growth is sustained, implying
that consumption and physical capital eventually rise on their transitions.
1.2.3 Link to the literature
Next, we link this Chapter to the earlier contributions. Growth models with
endogenous accumulation of human and physical capital are the subject of an
important branch of the recent literature on growth theory. The idea presented
in Chapter 3, relies on findingsof Lucas(1988), Mulligan and Sala-i-Martin(1993),
Barro and Sala-i-Martin(1995, sec.5.2.2), Arnold(2000) and Thrnovsky(2000, ch.14),
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though it is mainly built along the line of Lucas. Although a rich and growing
literature has recently rooted from the seminal work of Lucas, there is still un-
covered areas that bring about novelties and deserve further considerations.
Although the original idea of growth through investment in human capital
was pioneered by Uzawa(1965), the reformulation of the model by Lucas is the
most influential contribution in the field. In his simple setting, preferences are
isoelastic, the technology of output product is Cobb-Douglas and neither phys-
ical nor human capital are subject to depreciation. Labour force grows at an
exogenous rate. There exists an external effect from the social stock of human
capital to the productivity of individual agents and, according to a crucial as-
sumption, the educational process depends only on the human capital. In other
words, human capital is the only asset to be allocated across sectors. Lucas only
considers the balanced growth case where all level variables grow at a constant
rate.
The subsequent extensions have grown along different lines. The works of
Mulligan and Sala-i-Martin(1993) and Caballe and Santos(1993) are two major
attempts to uncover the transitional dynamics of Lucas-type models. The major
contribution of the former study is firstly in highlighting the importance of the
imbalance between two types of capital and its impact on the dynamics of the
model. The second contribution is to apply the time-elimination method to sim-
ulate the dynamics of the model using numerical methods. Finally Mulligan and
Sala-i-Martin identify the main forces that drive the transition of the economy
out of the steady state. .
Caballe and Santos cover a wide range of two-sector endogenous growth mod-
els where the Lucas model, with the production of human capital using only its
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previously accumulated stock, is a specific case. In their general specification,
physical capital affects schooling. They also allow for the possibility of external-
ities from the average stocks of human capital in both sectors.
In their numerical investigation, i.e. figure l(panels iii and iv), Mulligan
and Sala-i-Martin consider the possibility of falling of consumption and physical
capital during the transition period in the Lucas model. They do not however
characterize the problem. We diagnose here the causes of the falling symptom
completely by analytical methods.
Caballe and Santos(1993) depart from Lucas' setting by considering general
forms of linearly homogenous production functions for both the consumption
good and the education sector. Accounting for the dynamics of the economy in
different growth regimes is the major contribution of Caballe and Santos. They
identify three different regimes in which a sudden increase in physical capital
may encourage or discourage investment in human capital during the transition
period or leave it intact. This, in particular, illustrates that the neoclassical
growth model can be considered as a special case of the Lucas setting.
Caballe and Santos also address the decline of both consumption and physical
capital in an economy endowed in relative terms with a great amount of physical
capital. They conclude then that physical capital and consumption in the two-
sector endogenous growth model respond to the increment in physical capital in
a similar qualitative way as in the Ramsey model because "economies with high
ratios of physical to human capital will always decumulate physical capital, and
economies with low ratios of physical to human capital will always increase their
holdings of physical capital." (p.1064) Our findings, however, illustrate that
decline of consumption and of physical capital in the Lucas model is different
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from those of Ramsey where capital exceeds the golden rule.
Another area for the extension of the Lucas setting is to consider the case
where, beside working and education, time may be spent in leisure activities.
Ladron de Guevara et al.(1997) show that there could be multiple balanced paths
in this case, with different growth rates. As a result, global stability would
be lost and different economies may reach different steady states depending on
their initial holdings of physical and human capitals. A different composition
of wealth across countries therefore not only has a temporary growth effect, as
in the Lucas model, it may also lead to permanent and increasing differences in
income per capita. There could be multiple balanced growth paths with different
rates of growth where the initial relative amount of physical and human capital
determines which path is followed. The novelty of Ladron de Guevara et al.(1997)
is that their consideration of leisure is more general than the specific case where
the stock of human capital does not affect the marginal utility of leisure.
Besides the nonuniqueness of the steady state, the main findings of Ladron
de Guevara et al.(1997) is that in the presence of leisure activities, it is more
likely that an increment in physical capital from a certain steady state may
discourage human capital accumulation and lead the economy to a lower steady
state. This configuration accommodates the so-called voracity effect where the
level of consumption grows more than proportionally in response to a sudden
increase in physical capital financed by, say, a resource boom.
Bond et al.(1996) in a more general setting than those studies using ex-
plicit functional forms, establish the existence of a unique balanced growth path
along which consumption, physical and human capitals grow at a common rate.
Abstracting from human capital externality, they consider the case where the
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education sector requires both physical and human capital.
Arnold(2000) demonstrates the global saddle stability of the balanced growth
path in the Lucas framework. He also shows that some of the aspects of the
dynamics of the model can be applied to the R&D-based endogenous growth
models.
1.3 Growth limited by exhaustible resources
Chapter 4 examines how the constraints imposed by natural resource scarcity
affect economic growth and its sustainability. We take the Aghion-Howitt growth
model limited by the finite supply of exhaustible resources as a benchmark. We
extend their model to allow for the coexistence of the steady state and transition
path, though they only focus on the former.
Concerning the steady state, we derive the closed form of the fundamentals
of the model and show that constant returns to scale is a sufficient condition for
the existence and uniqueness of the steady state. It is globally saddle stable and
the technology parameters solely determine rate of convergence along the stable
arm toward the steady state.
Incorporation of natural resources has not a net effect on the long-run rate of
growth. Higher employment in the R&D sector, resulting in faster accumulation
of knowledge, compensates for the adverse effect of resource incorporation. The
higher the rate of resource utilization or the stronger the contribution of natural
resource in the aggregate production function, the more skilled labour is devoted
to R&D and hence the larger is the gap between the rate of innovation and
economic growth. This happens because, by assumption, exhaustible resources
do not limit the innovation process and the accumulation of knowledge. As a
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result, the supply of individual brands falls with the rate of utilization of resource,
while the total supply of intermediates grows at the balanced rate of growth.
The main contribution of the model lies in the transitional dynamics of the
economy where, it may be optimal for consumption and physical capital to fall for
a finite period along the transition path. This occurs while growth is sustained
at the steady state and the sustainability condition, suggested by Aghion and
Howitt, is met. Our numerical exercise suggests that the threshold for the oc-
currence of this situation is when the average productivity of capital is less than
a quarter of its steady state. A similar exercise based on other set of parameters
shows that the corresponding threshold might be even closer to the steady state,
suggesting that the violation of sustainability is likely even in the vicinity of the
steady state.
1.4 Keywords and JEL classifications
The distribution of the contents of the thesis, according to the Journal of Eco-
nomic Literature classification, is reported in table 1.1.
The key words used in each chapter also follow.
Chapter 2 Oil economies; Rent-seeking; Public transfers; Allocation of
talent; Political influence; No-activity equilibrium
Chapter 3 Lucas-type growth models; Transitional dynamics; Growth fail-
ure; Oil economies; Sustainability
Chapter 4 Aghion-Howitt growth model; Exhaustible resources; Steady
state; Transitional dynamics; Sustainability
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Table 1.1 JEL clasifications of the Cha,eters
JEL Chapter Chapter Chapter
Classification 2 3 4
C62 ./ ./
D72 ./
H59 ./
J22 ./
J24 ./
013 ./
041 ./
053, 054, 055
Q32 ./
Q33
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Chapter 2
Rent-seeking, Occupational
Choice and Oil Booms
How can a repeated pattern be explained when it occurs across coun-
tries as dissimilar in regime type, social structure, geostrategic loca-
tion, culture, and size as Iran, Nigeria, Mexico, Algeria, and Venezuela?
Karl(1997, p.8)
We do not have to wait patiently for slow cultural change in order to
find measures to redirect the flow of entrepreneurial activity toward
more productive goals ... it may be possible to change the rules in
ways that help to offset undesired institutional influences.
Baumol(1990, p. 919)
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2.1 Introduction
Most natural resource-abundant economies under performed resource poor econo-
mies. Growth collapse, trade deficit, capital flight, public debt, and low produc-
tion are amongst the most important aspects of their failure. The puzzling fact
that natural resource richness may bring about poverty is vastly documented,
e.g. by Sachs and Warner(1995) and Auty(1998).
The case of oil economies seems more severe where resource rent is accrues
mostly to the government; the resource rent is not diffused across the economy;
and its trend is subject to high volatility. These features distinguish oil economies
from other natural resource economies. The development failure of the latter
group is well documented by Gelb(1988), Karl(1997) and Amuzegar(1999).
Further to the popular and established theories like Dutch disease, rent seek-
ing has proved to be able to offer a plausible explanation for the symptom. Lane
and Tornell(1996), for example, show that in an economy suffering from pres-
sure groups who have open access to the productive assets, a resource boom may
lower the rate of return on investment and thus growth. The link between natural
resource endowment and rent-seeking intensity however has not been well cap-
tured in the literature. The current study addresses why some natural resource
abundant economies tolerate a high level of rent-seeking.
Another motivation of this study originates from the fairly similar response of
oil economies to oil booms. The similarity of performance of dissimilar economies
receiving windfalls may suggest that the access to a very specific source of public
revenues initiates institutions and shapes preferences in such a way that it makes
some choices more attractive and less costly than others. This influences policy
makers and other players to opt for a set of choices that, in the absence of natural
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resources, might be far from the optimum selection. In other words, the access to
a specific source of revenue makes some economically irrational choices, politically
rational; Svensson(2000, p.455}.
The aim of this study is to bridge notions of rent seeking and natural resource
intensity, for examining the impact of the latter on the allocation of labour and
the level of GDP. By introducing the central role of the state in windfall spending,
we tailor our study to the case of oil economies. Besides justification of acute
rent-seeking, we provide an explanation for the case where a resource boom causes
misallocation of labour and diversion of public expenditures, lowers GDP, and
changes the composition of GDP in favour of natural resource intensity.
We examine the endogenous allocation of human resources between produc-
tive activities and rent-seeking in a natural resource abundant economy where
the state has a monopoly right on the extraction and liquidation of the natural
resources (e.g. the case of oil in the Middle East and North Africa) and natural
resource royalty is the major source of public revenue. Besides direct predation
on producers, rent-seekers claim oil rent via a fiscal process that effectively allows
open access to the public revenues. They influence the political distribution of
resource rents via their lobby. Using this framework, we characterize conditions
under which each type of equilibrium occurs, explore how the extent of rent in
each regime is determined and how it depends on lobbying activities.
In studies concerning the misallocation of talent, two types of equilibrium are
identified, namely the good equilibrium without rent-seeking and the coexistence
of rent-seeking and production. We show that when natural resources are taken
into account, another regime is feasible where there is no productive activity and
all agents are rent-seekers. Rent-seeking in this case survives even when there is
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no production to be taken and the economy relies mostly on oil rent.
Although a resource boom naturally rewards both productive and unpro-
ductive activities, its gain in general is not neutral. Whether a boom favours
productive or unproductive activities depends on the characteristics of the pre-
boom situation and the extent of fragmentation of the fiscal system. In the case
where a boom makes rent-seeking more attractive, it is possible that, due to the
extent of the diversion induced, the overall effect of a boom is counterproduc-
tive. Moreover a boom of sufficient magnitude is likely to displace the economy
from one equilibrium to another. In this case the economy may get trapped into
a high rent-seeking equilibrium meaning that the after-effects of the boom are
irreversible even when the oil rent returns to its pre-boom level.
The empirical prediction of our model is that, in natural resource economies,
where resource rent is spent via fiscal channels, there is a positive association
between rent-seeking intensity and the extent of access of the fiscal claimants
to the government's budget constraint. A resource boom, thus, corresponds to
increased rent-seeking if it raises access to the fiscal budget.
The Chapter proceeds as follows. Next section lays out the empirical evidence
associated with rent-seeking and oil booms. In section 2.3 the formal skeleton
of our analysis is introduced. Some of the immediate results of the model con-
cerning costs of rent-seeking follow in section 2.4. Section 2.5 characterizes the
equilibrium of the model and section 2.6 analyses the effect of an oil boom on the
reward structure and the allocation of human resources. This also considers the
level effect of booms and their effect on the composition of GDP. These two sec-
tions contain most of the important results of this Chapter. We finally conclude
in section 2.7.
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2.2 Empirical discussion
The approach taken in this Chapter is theoretical. By gathering some empirical
findings from other studies however, we evaluate the relevance of our arguments in
the context of actual economies. This, helps us to arrange some "facts" associated
with the performance of oil economies that can be used to provide the motivation
for the model we develop in the next section.
Putting rent-seeking at the heart of the analysis of this Chapter however,
limits the link between the findings of the empirical studies and the predictions
of the theoretical models. The applicability of the former is limited because
these findings "do not have any direct statistical measure of employment in rent
seeking activity" (Berthelerny et al. 2000, p.223). This implies "all attempts to
find an accurate proxy of human capital engaged in rent seeking are bound to be
imperfect. "
Bearing in mind the lack of precision inherent in obtaining such estimates,
we consider the empirical observations of performances of oil economies in this
section and try to lay them out in the format of "stylized facts" .
2.2.1 Acute rent-seeking
The level of unproductive activities in the regions where oil economies are mainly
located gives an idea about the possible effect of oil abundance on occupational
choice. Barthelemy et al. estimate that amongst the main macro regions, the
waste of human resources due to rent-seeking in the Middle East and North Africa
(MENA) is very high. These regions at the same time suffer from a relatively
low level of human capital. Since the oil economies are densely located in these
areas, one may attribute the high level of rent-seeking there to the reliance of
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the fiscal system on oil revenues.
The findings are reported in table 2.1 where the first row refers to the average
years of schooling and the second one to the estimated percentage of human
resources engaged in rent-seeking activities.
Table 2.1 The extent of rent-seeking intensity in macro-regions
Region GEeD Asia L.America MENA S.S. Africa
Total human capital 9.2 5.5 6.4 4.4 4.4
Rent-seeking intensity 25.1 20.8 22.0 38.8 34.8
Source: Barthelemy et al.(2000),table 6.2
As a case of acute rent-seeking, Auty(2001, p.83) takes as an example Saudi
Arabia where, in 1994, according to his calculation, "the public sector employed
95%of the national workforceand public sector wage absorbed one-fifth of GDP,
twice the ratio for Mexico and four times that for Indonesia. Jobs in manufac-
turing ... were left to immigrant workers who held 95% of private sector jobs in
the late 1990s."
In Trinidad and Tobago, Lane and Tornell(1996) report that public spending,
due to windfalls adjustment, expanded rapidly in the late 1970s in the form of
increased public-sector employment, from less than one-quarter of the labour
force to more than one-third, rapid growth in public-sector wages, grants and
soft credit.
Gelb(1988, p.271) also shows that in Trinidad and Tobago, public sector
employment expanded in 1974-78from 86,000 to 158,000,or from less than one-
quarter to more than one-third of all workers. Unemployment also fell, but not
because of labour demand from the private sector.
Taking public sector employment as a proxy for rent-seeking, one may con-
clude from these observations that oil economies are subject to a high level of
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rent-seeking.
2.2.2 Divergent performances
Murphyet al.(1993) and Acemoglu(1995), who established models of rent-seeking
with multiple equilibria, argue that such multiplicity provides an account of diver-
gent cross-country experiences". Baland and Francois(2000) show how a handful
oil economies have successfully taken advantage of oil booms to constitute a sound
industrial base, whereas others mostly channeled windfalls toward (public and
private) consumption and rent-seeking. They argue that the marked differences
between performance of some oil economies after the late 1970s oil boom, reveals
two opposite patterns which are related to the pre-boom situations (industrial
base in their setting) of the underlying economies.
They classify the above countries into three categories. The failures include
Nigeria, Saudi Arabia, Kuwait, and United Arab Emirates. The near failures
incorporate Venezuela, Mexico, Algeria. Finally the successes are Indonesia,
Malaysia, and Norway' Whereas in the failures, the share of public consumption
in GDP, as a result of windfall spending, has increased, the opposite is true with
the successes. The share of manufacturing in GDP almost mirrors this pattern.
Despite their very dissimilarities in size, political regimes, degree of openness,
etc., the failures performed very similarly in facing oil windfalls. This might
suggest that the type of fiscal revenue initiates some institutions that rewards
some activities more. This gradually shapes the performances of both policy
1Graham and Temple(2001) offers a broader study to explore the international variation in
output per worker levels by appealing to multiplicity.
2Gelb(1988) explains in details the reaction of Indonesia, Nigeria and Venezuela, to the first
and second oil booms in chapters 12, 13 and 15 respectively.
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makers and labour force, which in turn affects institutions and policies by itself.
These observations suggest that there is a substantial difference in the re-
sponse of oil economies to oil booms. Although a few of them gained from
booms, most of them failed. Furthermore, the pre-boom level of rent-seeking
may have an explanatory power on how the economy reacts to the boom.
2.2.3 Diversions created by booms
Using corruption as a proxy for rent-seeking, Svensson(2000) finds that the mere
effect of natural resource intensity on rent-seeking, amongst 66 aid recipient
countries is not significant, while in countries suffering from competing powerful
social groups, there exists a positive and significant association between the share
of exports of primary products in GDP and the level of rent-seeking.
This is very close to Murshed and Periilii(200l)'s findings that: "natural
resource endowment itself ... [has] not necessarily a negative influence on growth,
but rather ... its coexistence with the lack of social cohesion can lead to disastrous
growth outcomes." (p.l5)
As evidence for the drift of windfalls toward diversion, Gelb{l988) reports
that in response to the first oil price rise, the average pay for civil servants was
doubled in Nigeria. "[C]ommentators have interpreted this as an attempt by
General Gowon to stay in power ... by giving a pivotal sector of the population
a sizeable share of oil wealth." (p.24l).
He also explains the flow of surplus from rural to urban areas and from
farmers and other rural producers to bureaucrats and militants. Gelb shows how
the relative neglect of agriculture in Nigeria was increased by the dominance of
oil business on conventional economic activities.
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One may conjecture from these observations that oil abundance, coupled with
the presence of powerful social groups, favours the diversion of human resources
towards rent-seeking.
2.2.4 Excessive spending
There are some evidence that oil windfalls may coincide with an excessive rise in
the level of public and private consumption in host economies. Tornell and Lane
call this phenomena the voracity effect. By comparing the extent of change in
fiscal transfers, stimulated by booms, with the size of booms one may examine
the occurrence of this effect.
Transfers in actual economies can take several forms including holding down
the rate of inflation by consumer subsidies and support price controls on con-
sumer goods, particularly by lowering oil prices for domestic consumers, producer
subsidies to supporting loss-making (usually public) firms by providing loan and
required inputs, public employment and the direct transfer of oil rents to specific
sections of society.
There is no hard evidence to assess the distributional impact of such transfer
programmes. Gelb(1988, ch.7)'s considerations shows that the pattern of windfall
spending in his sample (Indonesia excluded) is urban biased. Concentration of
public investment in some gigantic projects is another sign, showing that the
beneficiaries of those projects were limited. The fiscal adjustment to windfalls
indicates that public transfers financed by oil rents were distributed unevenly
and the more powerful claimants benefitted more. Although the distributional
impact of such an spending pattern is not our concern, the stimulating effects of
such programmes on rent-seeking is within the scope of this study.
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The new component of public revenues, in the form of an enormous wind-
fall that accrues directly to the state, inflates goals and the expectations of
policy makers and other powerful agents who have access to the fiscal bud-
get. In Karl(1997)'s words, "all oil-exporting states had the same response to
the petrodollar influx: they massively increased their government expenditures."
(p.25)
She also describes state spending as the central component of the boom men-
tality: "In 1973-74, Iran's government expenditures leapt a full 58.3 percent in
real terms over the previous year; Venezuela's jumped 74.5 percent; and Nige-
ria's 32.2 percent ... all states embarked on huge state-led plans, financed through
both petrodollars and foreign borrowing." {p.25}.
Gelb{pp.22-23)estimates that approximately half of the oil windfall was used
for domestic investment that was overwhelmingly public. He also reports that
between 1974and 1978, subsidies for unprofitable firms and lower income groups
expanded rapidly. They grew at a rate twice that of GDP. According to his
estimates on a sample of six oil exporters, "between 1970-72and 1974-78fiscal
subsidies and transfers expanded, on average, twice as rapidly as nonmining
GDP; between 1974-78and 1980-81they rose 1.6 times as rapidly." (p.1l8).
The bias towards ambitious macroprojects in heavy industries, partially fi-
nanced through foreign borrowing, severely deteriorates the current account of
the oil exporters at the very heart of the booming period. As a result "in a mere
four years, the capital-deficit oil exporters [including Algeria, Indonesia, Iran,
Nigeria, Venezuela] moved from a combined current account surplus of almost
$24 billion (1974) to a deficit of over $14 billion {1978}." (Karl, p.27). She also
reports that by 1980, "these countries showed a combined debt of almost $100
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billion, up from $19.5 billion before the first oil boom." (p.30)
According to Gelb(1988, p.108), out of the nineteen developing countries that
invested the most in projects exceeding $100 million each, all but five were oil
exporters. Some of the indicators of public investment in macroprojects in a
sample of oil-exporting countries is reported in table 2.2.
Table 2.2 Macroprojects in some oil economies
No. of Tot. cost Av. cost Tot. cost / Tot. cost /
Country projects (b$) (m$) 1980 GNP 1980 windfall
Iran 108 119.6 1107 1.57 10.2
Algeria 69 38.7 561 1.07 4.2
Venezuela 27 27.4 1015 0.51 5.4
Mexico 59 26.0 441 0.18 5.1
Nigeria 19 14.4 758 0.17 0.9
Indonesia 44 14.4 327 0.23 1.1
Trinidad
7 6.9 983 1.35 4.5
&Tobago
Source: Gelb(1988),Table 7-4.
The table reveals that Iran initiated 108 macroprojects averaging more than
$lb each, with a total capital cost more than ten times its 1977 oil windfall and
1.5 times of its GNP in 1980. The corresponding figures for other countries show
to a lesser extent the tendency for oil-led investment in macroprojects where the
size of investment far exceeds beyond the magnitude of the windfall itself. The
large projects identified e.g. in Algeria, Venezuela, Mexico, and Trinidad and
Tobago represented four or five times the 1980 oil windfall of these countries.
The disappointing outcome of these projects is explained in detail by Gelb
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(1988) who reports: "some public manufacturing projects have been unable to
cover even their wage bills.... [These] loss-making public investments have left
governments facing a difficult choice-to subsidize directly, to protect and so shift
costs to other sectors, or to close plants and write off the losses." (p.109)
These observations, with different severity, can be taken as indicators for the
voracity effect among oil economies.
In the case of Nigeria, Lane and Tornell(1996) identify two important prim-
itives of fiscal adjustment to the oil windfalls. First "any national government
that wished to survive had to keep a balance in the allocation of federal resources
across the most powerful ethnic groups ... [whereas] much of this ... formally
took the form of public investment projects ... [which] were typically a cover
for kickbacks to the elites from each ethnic group and not chosen on efficiency
grounds. One estimate is that 75 percent of construction costs was diverted by
corruption." (p.217)
Second, they show that "the distribution of revenues across the states was a
matter of singular political importance." (p.217)
In Gelb's words "public capital spending accelerated rapidly from 3.6 percent
of nonmining GDP in 1970 to 29.5 percent by 1976. This acceleration was so
strong that it alone absorbed more than the entire increase in oil income between
1970 and 1976. The excess ... resulted in a substantial deficit." (p.241)
As another way of assessing the extent of fiscal budget fragmentation, Easterly
and Levine(1997) report that a "government-appointed commission of inquiry
was unable to account for what happened to much of the 1990s government oil
windfall."
One fact that may be extracted from these observations is that windfalls
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in some oil economies raise the level of expenditures by more than the size of
windfalls themselves.
2.2.5 Size of GDP
The adverse size effect of natural resource abundance and resource booms in some
oil economies were well documented in the literature. Lane and Tornell(1996)
report three country-specific examples: Venezuela, Nigeria and Trinidad and
Tobago. In the first case during 1970-90, the terms of trade of Venezuela grew
at an annual rate of 13.7 percent while the output per capita fell by an average
of 1.4 percent per year. In Nigeria, despite enjoying the oil windfall of the 1970s
and early 1980s, GDP per capita on average contracted between 1970 to 1990
by more than 4 percent annually. Trinidad and Tobago is another example of
a falling of GDP in a booming economy where GDP per capita contracted at a
rate of 2.75 percent per year over 1980 - 90.
Gelb(1988) estimates that in Nigeria "the average size of its nonmining econ-
omy in 1979-81 was 29 percent lower than it would have been had the country
managed to sustain its preshock growth trend." (p.81) A substantial part of
Nigeria's windfall gains "were eaten up in the reduced efficiency of its non-oil
economy." (p.254)
In the case of Venezuela, "by 1983 the nonmining Venezuelan economy was
one-third smaller than it would have been had it continued to grow at the pre-
1973 rate." (p.122)
In examining eleven major Latin American economies, over the period 1960-
94, Sachs and Warner(1999) also find that in four cases (Bolivia, Mexico, Peru
and Venezuela) per capita GDP actually declined during and/or after the boom
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period.
From these findings, one may conclude that, despite their positive direct
contributions, oil booms may lower the size of GDP, leading to a negative level
effect.
2.2.6 Some of the regularities of oil economies
To provide a guideline for our modelling exercise in the next section, we now
arrange the empirical observations of performances of oil economies in the context
of some "stylized facts":
1. Oil economies may afford a higher proportion of rent-seeking relative to
other economies.
2. These economies responded differently to oil booms. Except for a handful
successes, for most oil economies, windfalls created a loss rather than a
gain.
3. Despite their dissimilarities in size, political regimes and degree of openness,
the failures performed very similarly in facing oil windfalls.
4. The pre-boom level of rent-seeking, partially explains how the economy
reacts to the boom.
5. Oil abundance, coupled with the presence of powerful social groups, may
cause diversion of human resources toward rent-seeking.
6. A windfall may raise the level of expenditures by more than its own size.
7. Despite their positive direct contributions, oil booms may lower the level
of GDP, leading to a negative level effect.
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The facts outlined here summarize some of the aspects of the performance
of oil economies we are concerned about in this Chapter. Having rent-seeking
at the heart of our theoretical explanation, we do not, however, claim that the
picture presented here is totally attributed to that. What we observe from the
poor performance of oil economies, mayor may not be caused by rent-seeking.
By examining the extent of fitness of the empirical studies with the above
facts, one can observe that the proposed model captures some important aspects
of the reality. The reader should, however, bear in mind that the performance
of the economies at hand may deviate from the stylized patterns predicted by
our simple model. It obviously is not the only possible theoretical explanation
for the effect of oil booms on the allocation of human resources and the level of
GDP, but according to the empirical evidence, it is a plausible one.
2.3 The model
Consider an economy populated by sufficiently large agents. The economy pro-
duces one homogeneous good. It also owns a pool of natural resources whose
extracted £lowis used abroad. The royalty on the latter can be transformed
one-to-one to the former.
2.3.1 Public goods and government finance
There is a government produces a public good which makes the economy more
productive, engages in taxation and transfers, and collects royalties on the ex-
traction of natural resource.
The government can convert one unit of final good into one unit of the public
good. Let G be the amount produced. The government also uses R units of its
49
resources to provide fiscal transfers through a grant-allocation scheme. It taxes
production at an exogenous rate r E (0,1). The total tax collection is
T=rY, (2.1)
units of final good, where Y is the aggregate output. The government receives
a royalty of Q units of final good from a foreign entity. All economic activity
occurs simultaneously. In particular the public good is produced concomitantly
with the final good.
The government budget is assumed to be in balance. Public revenue is T+Q.
These are the funds available for production of the public good, G and the fiscal
transfers, R. The balanced budget requirement implies that,
T+Q=G+R. (2.2)
2.3.2 Labour market
There are L»0 identical agents each endowed with some talent. They can en-
gage in two mutually exclusive types of activities: rent seeking and production.
Let N = nL be the number of rent-seekers, where n is the (endogenous) propor-
tion of the population engaged in rent-seeking and (1 - n) L agents engaged in
production, the workers.
Production
Each agent engaged in production produces according to the constant returns to
scale production function y = AlG, units of the goods where A is a productivity
parameter, l is the labour input and G is the supply of public services. Each
worker has l = 1 unit of labour available which is supplied inelastically. The
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aggregate product is3
Y = A (1- n) LG. (2.3)
The reward of a worker is the after tax wage, which is
W=(l-T)AG. (2.4)
Rent-seekers do not pay tax and only workers, by assumption, act as the tax
base. Limited liability constraint dictates that the government cannot tax more
than the revenue of workers which means T :S WL(l- n). This implies T :S 0.5.
Rent-seeking
The government announces, prior to any economic activity, a granting scheme
which specifies the exogenous number k of grants available, all of equal size. A
rent-seeker can put in multiple applications. The total pool of money available,
R, will be endogenously determined in the following section.
Lobbying is a risky activity as, typically, the number of agents engaging in
lobbying, N, is greater than the number of grants available, k. It is also a costly
activity. The typical rent-seeker spends X units of final good on his lobbying
activity.
Grants are allocated independently. For each grant opportunity, the success-
ful rent-seeker receives a grant of R/k and the unsuccessful one receives nothing.
The probability of a rent-seeker winning the grant is proportional to his expen-
diture relative to aggregate outlays. That is, let Xi for i = 1, 2, ... , N be
3Any other production function like f(n}.G, with f: [O,lJ --+ !J?+, f' < 0 and f(1} = 0, can
be taken instead. What is essential here is the linearity in G where rent-seeking intensity n,
reduces the effectiveness of the public services. Since the model is static we also abstract from
capital in the production function.
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the outlay of i-th rent-seeker who has a probability xd X, of winning that grant
where X == 2.:[:1 Xi is the aggregate outlay on lobbying. He may end up with no
grant, or with 1,2, ... , or up to k grants.t
It is clear that for j = 0,1, ..., k the probability of rent-seeker i ending up
with j grants is the Bernoulli probability
Pi (j) == Pr {j successful appllcationsjz., X} = (;) (~ r (1- ~ r-i .
The expected value of the 'prize' won Vi, i.e. the total amount of grant money
received, is (see appendix A.l)
k
iT "'" R .D ( .) Rxi
Yi = ~ kJri J = X .
j=o
(2.5)
We abstract from the problems of income distribution by assuming that all the
agents live in extended families that provide insurance to their members. These
families include both workers and rent-seekers and are large enough to make
agents risk neutral.P We also abstract from problems of timing by assuming that
all activities are conducted simultaneously. Hence, the problem of rent-seeker i
is to maximize his expected reward Vi from lobbying
The i-th player chooses his outlay, Xi such as to maximize his expected payoff,
Vi. Maximization leads to the First Order Condition of R(1 - Xi/X) = X.
Summation over the number of players, by running i from 1 to N, gives the total
outlays as
(2.6)
4See Berry(1993) for a detailed description of multi-winner rent-seeking contests.
5A winner-help-looser mechanism, e.g. a la Baik(1994), also justifies this argument.
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From this, rent-dissipation, i.e. XI R for finite N is less than one indicating that
rent-seeking is profitable."
In a symmetric equilibrium, i.e. when Xi = X for i = 1, ... ,N, each player is
an active rent-seeker who spends
X = R (1-"!_)
N N'
into the scheme. The symmetric reward to the rent-seeker is therefore/
(2.7)
Allocation of labour
At an interior equilibrium, agents must be indifferent between becoming a worker
or arent-seeker. The proportion n of rent-seekers will be such that
V=W. (2.8)
Otherwise, the corner solutions are associated with
W > V and n= 0, (2.9)
W < V and n= 1.
2.3.3 Lobbying and size of transfers
We assume that a substantial amount of rent is associated with oil revenue" where
the government is the major recipient and in charge of its distribution through
6This, in Tullock's context is called efficient rent-seeking. See Perez-Castrillo and Verdier
(1992) or Nitzan(1994) for details of rent-seeking contests.
7One might instead assume that the first rent-seeker can take all he can get.
8Weitzeman(1999) estimates the amount of rent associated with crude petrolum, which is
chiefly distributed among few oil producers, equal to some $170bn in 1994. In small oil exporters,
Auty(2001) estimates the share of mineral rents between 20 and 30 percent of GDP.
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a grant allocation scheme. Along the line of Tornell and Lane(1999) we assume
that "the fiscal authority has no objection of its own" and "acts solely as the
agent of powerful groups".9 This captures the fact that "fiscal policies in many
countries are determined by powerful interest groups."
The decision on the distribution of oil rentsl" is made by the fiscal authorities
who are not rewarded for their sound economic decisions. We suppose that the
grant allocation scheme is subject to lobbying activities aiming to increase the
share of transfers.
Access to the resource rent in oil economies depends heavily on the pattern of
public spending+'. This latter is affected by cultivation of the fiscal authorities'
interests, hence lobbying is an effective way to secure access to a share in the oil
rent.
Karl(1997) addresses the link between power and plenty in mining states
which "own the centre of accumulation, extract or receive windfall revenues from
the international arena, benefit from rents, and provide the means through which
90ne could alternatively assume that the decision making is centralized in the hands of a
semibenevolent government, who maximizes a weighted sum of social welfare and the contribu-
tions of rent-seekers through their lobbying activities.
This approach, outlined by Grossman and Helpman(1994) and Persson and Tabellini(2000,
sec. 7.3), lays out a framework for welfare analysis. It is, however, beyond the scope of our study
which aims to explore the level effect of booms via the allocation of talent in a decentralized
economy.
lOByoil rents we mean the residual component of the market price net of the extraction cost
where all reproducible factors are paid at market rates. This is different from Hotelling rent
which is associated with exhaustibility and reflects arbitrage between holding the resource and
interest-bearing assets.
IITabibian(1992) shows that in the case of Iran, the large cities have been located and grown
in a way to facilitate digestion of the oil revenues through fiscal expenditures.
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these rents enter the economy, they become the primary object of rent-seeking
behaviour." (p.l5) She refers to the specific types of organized interests and
patterns of collective action which "are linked directly to the state and that
benefit from oil rents. These classes and interests have strong reasons to reinforce
petrolization as a means for realizing their demands." (p.16)
Along this line,we assume that rent-seekers institute a mechanism to influence
fiscal authorities for access to public transfers!", This mechanism, following
Becker(1983)' is introduced using the influence function which maps the interests
of individuals into the policy outcome. The proportion of the population engaged
in rent-seeking, n and the size of the royalty available,Q are two crucial primitives
of the outcome of the lobbying process that produces the level of fiscal transfers+'.
The mechanism is defined as follows:
Definition 1 An influence function denoted by R = R(n, Q) represents the
reduced form of an institutional arrangement by which the rent-seekers whose
relative size is n extracts fiscal transfers, R financed by oil rent, Q from the
government. The function by assumption is increasing and differentiable in both
nand Q. Moreover it is restricted to be nonnegative and not exceeding the oil
rent, i.e. 0 ~ R(n,Q) s Q.
Fiscal transfers is an endogenous variable determined by two primitives: the
relative size of rent-seeking and the available rent. Dependence of R on n can
be interpreted as an open access mechanism by which more rent-seekers claim
12 "Generally governments do not transfer the rent of resource by their own. They have to be
lobbied or pressured into doing so by the expenditure of resources ( or the effort supplied) in
political activity."(Tuliock, 1967}.
l3The process described here though seems like an aggregate production function, but due to
its collective nature cannot be disaggregated into the efforts that rent-seekers supply seperately.
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more resources. This effect is captured by Torvik(2002) through an endogenous
tax rate.
Continuity of R in n is required to examine the existence and uniqueness of
the equilibrium.l" Furthermore one needs to ensure that a small change in the
relative size of rent-seeking or a small perturbation in the level of oil rent has
a relatively small effect on the level of fiscal transfers and hence combination of
public expenditure. We need also differentiability of R to examine the marginal
productivity of lobbying for further investigation.
The higher the relative size of rent-seekers, the more powerful and influential
is their lobby and so the more effective is the political pressure for diversion of
oil income toward public transfers+". Additionally, the higher Q, the bigger is
the size of the cake and hence, ceteris paribus, the more valuable is the prize to
the rent-seekers.
Non-negativity of R means that in this economy, transfers do not act as
redistribution of resources from one group to another. In other words, people do
not provide the source of transfers. They receive it as a gift provided by nature.
Moreover we assume that oil rent is the only source of transfers in this economy.
By introducing lobbying as the main motive of transfers, we do not preclude
other motivations of the fiscal authority for so doing. In this case the lower and
upper bounds for R are not necessarily binding.
Remark 1 In case where lobbying by rent-seekers is the only cause of fiscal trans-
fers, it is plausible to assume R(O,Q) = 0 and R(l, Q) = Q. If there exist, how-
14Formally this means given Q > 0, for any L and n E {O,1/L, ... , (L - 1)/ L}, there exists an
M = M(L, n) such that R(n + 1,Q) - R(n, Q) < M.
15Torationalize this effect, one can interprete total contribution of rent-seekers, X as an index
of political capital that affects the policy outcome in lobbying process.
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ever other rationales for fiscal transfers, e.g. reducing inequality, we can assume
R(O, Q) ~ 0 and/or R(l, Q) :S Q. Unless otherwise stated, during this Chapter
the latter case is assumed.
From (2.3), nothing is produced when all are rent-seekers. It does not make
sense therefore to assume that a portion of public resource is allocated to pro-
ductive services for producing nothing. From Eqs. (2.2) and (2.3) we obtain
G = Q - R(l, Q) at n = 1. We do not, however, impose any restriction on
exhaustion of oil income at full rent-seeking. What we have assumed here is
the minimum constraints required to link the allocation of talent to the fiscal
transfers!",
Competition among the pressure groups who demand favours determines the
equilibrium level of fiscal transfers which induce these favours. The influence
function is a reduced form that represents the outcome of the competition in
the form of a political equilibrium, without analyzing the political system within
which these activities take place. We deliberately abstract from microfoundations
behind the political influence and simply assume that rent-seekers are organized
and have the power to extract fiscal transfers from the government.
Two related concepts are crucial in our analysis. The average productivity of
lobbying, R/Q indicates the portion of fiscal transfers in oil income. This shows
how accessible is the fiscal budget for the successful rent-seekers and the extent
to which they can siphon public resources into their own pockets.
16According to Murphy et al. (1993), lobbying may be convex in the level of rent-seekers'
efforts because political pressure involves some costs that rise less than proportionally with the
level of lobbying. These include legal expenses, hiring of experts, establishment of relations
with the authorities and cultivation of their interests, extraction of information, etc. We do not
impose such a condition on R.
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The second concept is the maryinal productivity of lobbying, RQ = 8R/8QP
This measures how cautious the government is to respond to the boom in an
expansionary fashion. Clearly it is hard to handle oil windfalls cautiously in the
face of powerful interest groups. Organized along sectorial lines, these groups
generate irresistible pressure for raising subsidies. A fragmented or decentralized
decision making structure reduces the ability to spend windfall gains cautiously.
The budgetary process is a convenient and effective mechanism by which rent-
seekers appropriate resources from the rest of society. The fiscal constitution is
set as follows:
• Only proportional tax on producers' income can be levied; Eq. (2.1).
• The fiscal budget has to be balanced. This is addressed in (2.2).
• The combination of fiscal expenditure and in particular the level of fiscal
transfers is determined by the influence function defined above.
To avoid ambiguities, we clarify here that the level of fiscal transfers claimed
by rent-seekers is what they actually get. Since we abstract from the lobbying
process in detail and ignore the deadweight loss associated with redistribution, we
assume that the level of appropriation of resources by rent-seekers is exactly what
is enforced by influence function. Having assumed this simplification, we use the
terms "claim", "transfers" and "appropriation" interchangeably where we refer
to the mechanism by which rent-seekers extract oil rent from the government.
In our model, rent-seekers have the power to extract fiscal transfers from the
government, but the government, in turn, does not impose tax to finance these
transfers. The transfers, instead, are financed by oil rent that otherwise would
17Subscripts refer to partial derivatives, e.g. RQ = 8R/8Q,
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be allocated to public productive spending that enhances the level of income and
raises the productivity of workers.
According to Lahiri and Raimoudos-Moller{2000, p.C67)'s argument, "if ev-
eryone in the economy lobbies, lobbying has no impact on the equilibrium ... one
needs the existence of at least one group of individuals who are politically pas-
sive." In the current setting, it is implicitly assumed that workers are politically
passive and only rent-seekers create political pressure'",
The particular modeling adopted in the influence function is somewhat ad hoc,
but nevertheless provides a useful framework for the analysis of a realistic political
process by which public decisions are made. Rent-seekers, by lobbying, increase
the size of the available pie, R. On the other hand, by lowering the share of public
goods in government spending G, they cut the marginal product of working and
so, the producers' income. This decreases the pay in the alternative occupation
and makes the rent-seeking more attractive. Hence rent-seeking amplifies itself.
2.4 Cost of rent-seeking
Before analyzing the model in more detail, it seems useful to highlight some of the
costs of rent-seeking at this stage. The fact that the rent-seeking sector employs
agents who would otherwise be productive, introduces the direct cost of rent-
seeking. There is also an indirect cost. This arises by negative externality of rent-
seeking on productivity of workers, caused by diverting of public expenditures
from productive services. By attempting to channel government expenditures
18In the political game designed by Becker(1983), political influence is a zero-sum game
meaning that increased influence of some groups decreases the influence of others by equal
amounts.
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to public transfers, rent-seekers introduce another source of inefficiency in the
economy.l?
The total cost of rent seeking should be measured in terms of the efforts to
persuade fiscal authorities to authorize the transfers by the unsuccessful as well
as the successful. In an economy where entrepreneurship is not attractive and
rent seeking is common and profitable, individuals learn skills that are essential
for the latter. The existence of vast resource revenue in the hands of bureau-
crats and the incentive for appropriation among rent seekers when combined
with poor property rights and the common access problem, provide the essential
requirements for transfer of resource rent to the fiscal claimants. The successful
rent-seekers encourage others to join them, implying that rent seeking amplifies
itself. Another side effect of rent-seeking, which is not followed here, is its effect
on people's perception about the function of markets.f''
2.4.1 Political distribution of rents
From Eqs. (2.7) and (2.6) we have R = NV + X. This, using balance budget
(2.2), results
Q = (C -T) +NV +X, (2.10)
indicating that there are three channels for spending oil revenue: net transfer
to the producers, C - T; ( expected) net transfer to the rent-seekers, NV j and
19Sincethe size of rent is endogenous in this model, the extent ofrent dissipation, according to
Nitzan(1994), is only a partial and in general unsatisfactory measure of the inefficiency created
by rent-seeking.
20 "If income distribution is viewed as the outcome of a lottery where wealthy individuals are
successful (or lucky) rent seekers, whereas the poor are those precluded from or unsuccessful in
rent seeking, the market mechanism is bound to be suspect." Krueger(1974, p.302)
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waste of resources by investment in rent-seeking contest, X.
The larger the size of the rent-seeking sector, the lesser is the first component
and the larger are the second and third. As one considers from (2.2), the amount
of subsidy to producers, i.e. G - T, declines with the extent of rent-seeking
because d(G - T)/dn = -Rn which by assumption is negative. Hence although
all agents receive transfers, the size of rent-seeking intensity has a distributional
effect on the direction of subsidy from producers to rent-seekers.
Eq. (2.10) refers to an important task of bureaucracy in oil-based economies.
In Kad(1997)'s words: "Dependence on petroleum revenues produces a distinc-
tive type of institutional setting, the petro-state, which encourages the political
distribution of rents. Such a state is characterized by fiscal reliance on petrodol-
lars." (p.16)
The allocation of oil rent among interest groups justifies the bulk of bureau-
cracy in these economies. The distributive task by itself rationalizes the estab-
lishment of institutions for such a purpose. Besides the inefficiency which arises
from these institutions, the nature of political (outside market) allocation of re-
sources encourages pressure groups to claim fiscal transfers. The distributional
task of bureaucracy is amplified during boom periods when the higher amount
of oil revenue allows the government to fulfil its promises and serve national
objectives.
Eq. (2.10) also states another aspect of the economy at hand. In contrast
with conventional models of political competition among pressure groups, e.g.
Becker(1983), here pressure groups playa positive-sum game to grab their desired
share from oil rent. Workers, though, receive less due to the rent-seeking, do not
provide subsidy for other party, i.e. rent-seekers. In other words source of the
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prize to the winner is not transfer from the losers.
Remark 2 Imposing the lower and upper bounds of Ron Eq. (2.2) gives G-Q ~
T ~ G meaning that producers receive more than they pay to the government. In
other words both parties benefit from oil rent. The LHS is not binding of course
whenG < Q.
2.4.2 Under-provision of public goods
The contribution of tax revenue in the financing of public productive spending,
TIG = TAL(I-n) falls with rent-seeking intensity, n. In other words the higher
the size of rent-seeking, the lesser is the role of tax revenue in public finance and
the more the economy relies on the oil endowment.
Plugging from Eq. (2.1) into (2.2), one derives the role of oil revenue in the
public productive expenditures as
G(n,Q) = Q - R(n,Q) .
1- TAL(1 - n) (2.11)
The effect of Q on T can also be obtained from T = TAL(I- n)G. The following
lemma shows how these are related.
Lemma 1 TAL(1 - n) < 1 for nE [0,1] so long as R < Q.21
The effect of rent-seeking intensity on G and T is summarized in the following
proposition.
Proposition 1 If R < Q, misallocation of talent causes under-provision of pro-
ductive services by government, i.e. Gn < O. The extent of diversion of public
spending away from productive services toward fiscal transfers is higher, the more
21Missing proofs of the theorem-type statements are provided in appendix A.2.
62
'tAL
1- 'tALli~~----~----~~------~
n
Figure 2.1: The effect of rent-seeking on fiscal variables
people engage in rent-seeking. Moreover tax income falls with rent-seeking inten-
sity.
Proof. Simple differentiation gives
G __ Rn [1-TAL(1-n)]+TAL(Q-R)
n- [1-TAL(1-n)]2 '
and Tn = TAL [- G + (1 - n) Gn] where, according to the properties of Rand
lemma 1, both expressions are negative .•
A particular case of the evolution of fiscal variables as a result of change in the
allocation of labour, for the case where rent-seeking is the only cause of transfers
and R is convex in n is captured by figure 2.1.
Although in absolute terms, total public income, T + Q declines with the
extent of rent-seeking, in relative terms the size of government
(T+ Q)/Y = T + Q/Y,
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rises with n. This means that the size of government increases with rent-seeking
intensity. By taking Q and T as exogenous, the only endogenous part of the
tax base is Y which declines with rent-seeking. One may consider an alternative
route where rent-seekers influence the rate of oil extraction or tax collection. In
this case, the voracity of rent-seekers outweighs their side effect on cutting tax
base, raising the government expenditures along with the extent of rent-seeking,
as we expect.
2.4.3 Output loss
In this economy, GD P has two components: the level of genuine production Y,
and the production of the oil sector, Q. We assume that the latter is convertible
without cost to the former. The natural resource sector contributes Q units of
goods without any input requirement. This implies
GDP=Y+Q. (2.12)
One may now measure the loss of output caused by rent-seeking by comparing
the percentage forgone production with the case where there is no rent-seeking
and workers receive their highest productivity. For this purpose we introduce
LlY = Y(O) - Y(n) _ 1- (1-TAL) [1- R(n,Q)/Q]
Y - Y(O) - (1- n)-l - TAL 1- R(O,Q)/Q .
This is strictly increasing in n and bounded between zero and one. It assigns
to the size of rent-seeking n, the percentage of production that the economy
loses relative to its potential level for two reasons. Firstly, a fraction of potential
producers have no contribution in production. Secondly, rent-seekers by diverting
public expenditures from productive goods, prevent producers having access to
the potential productive inputs they could use if there were no rent-seeking.
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2.5 Equilibrium
2.5.1 Reward structure
Definition 2 By reward structure we mean the pair of functions,
V(n, Q) = R{~, ~)
Ln
for n > 0 and V{O,Q) = 0, (2.13)
and
(1 - T)A
W{n,Q) = 1-TAL{l- n) [Q - R{n,Q)] , (2.14)
which for a given level of rent-seeking and oil rent, gives payoff to rent-seekers
and producers respectively.
Dependence of Wand V on n means that what individuals receive not only
depends on their choice of occupation but also on how human resources are
allocated between current occupations. The following statement establishes the
properties of the reward structure.
Proposition 2 (i) Wand V are differentiable in n on [0,1] and (0,1] respec-
tively and differentiable in Q;
(ii) W is decreasing in n, so long as R < Q;
(iii) W{O, Q) > V{O, Q) = 0.
Proof. These are easily obtained from the properties of R, lemma 1, prop0-
sit ion 1 and definitions of V and W in (2.13) and (2.14) respectively. •
The fact that the wage rate is decreasing in n, refers to a negative external-
ity from rent-seeking on production via lowering the share of productive public
spending. In other words, more rent-seeking in society reduces the return to
production.
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Two forces are associated with unproductive activities. Rent-seekers grab oil
income and divert public expenditures toward fiscal transfers. This is the external
effect. There is also an internal effect relating to the fighting of rent-seekers with
each other over the appropriation of the grants funded by the oil income. The
external effect raises the reward to rent-seekers while the internal effect lowers it.
The overall effect depends on the interaction of these two. Newcomers reduce the
established contestants' probability of winning. On the other hand and ignoring
free-riding, they increase the rent-seekers' power to claim oil rent.
In the voracity effect papers, e.g. Tornell and Lane(1999), each rent seeker
has open access to aggregate production so that rent-seeking activities increase
the size of rents to be grabbed. Torvik(2002) contrarily assumes a rent sharing
scheme among rent seekers, so that the more rent seekers there are, the lower is
each rent seeker's expected income.
In our case, both effects are present. In the early stage of rent-seeking, the first
effect dominates. When rent-seeking becomes popular however, the second effect
may dominate. The external effect, which represents the open access mechanism,
pulls in the direction of a less steep reward curve for rent-seekers. The internal
effect, which captures the result of rent sharing between all contestants, acts
in the opposite direction. For mere illustrative purposes, we suppose that V is
U-shaped in n.22 The reward to producers and rent-seekers as functions of n is
illustrated in figure 2.2.
Remark 3 We assume the reward structure, forn E [0,1]' is common knowledge
22The U'-shaped form allows for both the internal and external effects to remain present in
our discussion. Nevertheless as long as V is differentiable in its arguments it can take a very
general form.
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Figure 2.2: Reward to producers, Wand rent-seekers, V as functions of rent-
seeking intensity
implying that everybody knows what slhe would receive, for different possible
allocation of labour. Moreover, given parameters and exogenous variables, people
observe the reward structure and freely choose the occupation that pays more.
They do not coordinate to leave one occupation and join the other; occupational
choice is an individual-based decision making.
Considering the policy variable T, and the exogenous variables Q, L and A
agents by comparing V and W decide to be worker or rent-seeker. So the reward
structure determines the allocation of talent. On the other hand, the allocation
of human resources, through the influence function affects the reward structure
itself.
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2.5.2 The existence and uniqueness
If they are free to do so, people choose the occupation that rewards more. This
gives us the allocation of labour between two existing activities according to
their returns. The extent of rent-seeking further affects composition of public
expenditure and hence the reward structure. A two-sided link therefore exists
between the reward structure and the allocation of talent. Both are endogenous
and jointly determined at equilibrium.
In this section, we define types of equilibrium and consider their existence
and uniqueness.P
Definition 3 Equilibrium is an allocation oj labour between existing activities
where, considering their payoffs, people have no incentive to change their current
occupations.
Three types oj equilibrium can emerge. In the good equilibrium, i.e. n = 0
nobody is rent-seeker. n = 1 is another corner equilibrium (called the no-activity
equilibrium or full rent-seeking) where all the labour Jorce are engaged in rent-
seeking. Finally n E (0,1) is an interior equilibrium where there are nL rent-
seekers and (1 - n)L producers.
Lemma 2 Let 6 > 1/L be small enough, then:
(i) n = 0 is an equilibrium iJ W(n) > V(n) Jar 0 ~ n < 6.
(ii) n = 1 is an equilibrium iJ W(n) < V(n) Jor 1 - 6 ~ n ~ 1.
(iii) n E (I/L, 1-I/L) is an equilibrium iJ
V(n + 6) < W(n + 6) < V(n) = W(n) < W(n - 6) < V(n - 6). (2.15)
23Weabstract from dependence of Wand V on Q whenever it is obvious and only emphasis
on their dependence on n.
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Proof. (i) If Wen) > V(n) for 0 ::; n < 8, then at n = 0 by switching from
production to rent-seeking, nobody will be better off and thus has no incentive
to deviate. Good equilibrium is therefore an equilibrium.
(ii) If W (n) < V (n) for 1 - 8 ::;n ::; 1, then the payoff of a rent-seeker in the
case of switching to production reduces from V(l, Q) to W(l - 1/ L,Q). This
leaves no incentives for change of occupation at full rent-seeking.
(iii) Finally, by continuity of both Wand V, when (2.15) holds, V is steeper
than W at n = n* and crosses it from below. If a producer joins rent-seeking at
n = nO<he receives less because W(n" - 8) < V(n" - 8). By the same token, if
a rent-seeker at this situation leaves rent-seeking and joins productive activities
s/he will be paid less because V(n* + 8) < W(n* + 8). Both producer and rent-
seeker at n = n* have no incentive to change their occupation and the allocation
of labour is therefore at equilibrium. •
Two facts are worth noting here. First, in the case of coexistence of both
activities we do not know how many interior equilibrium(s) exist. Wand V are
continuous in n. The former is decreasing and the latter in general is U-shaped.
They can therefore intersect at several points. However, we identify conditions
for the existence of such equilibria.
Secondly, our assumption on taking V and W as common knowledge, rules
out the unstable roots of W = V as equilibrium because at those points attaining
higher returns is possible by changing the type of activity.24 When W crosses V
from above, people are equally paid in both occupations. They, however, realize
that by leaving rent-seeking and joining the productive activity they will be
rewarded more. The labour market is not in equilibrium at these points because
24Both Torvik(2002) and Baland and Francios(2000) ignore unstable interior equilibria. They
however do not justify this restriction.
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of the existence of incentive for deviation.
In similar models, e.g. Acemoglu(1995),equilibrium is defined as the points
where the reward to both activities is equal. This includes both stable and
unstable equilibria because so long as people are rewarded equally, they have
no incentive to change their career. In our model we assume that individuals
know the entire profile of Wand V, meaning that the returns in both careers
are commonly known for each potential value of n. This piece of information
stimulates people to deviate from an unstable equilibrium because they know
they would be better off if they left rent-seeking and joined a productive activity.
For this reason, the unstable points of intersection of Wand V no longer serve
as equilibria in our setting.
Agents choose their professions by comparing their corresponding payoffs25.
Free-entry implies that by entering into or leaving these two careers, they offset
the arbitrage between Wand V which implies
A(1-r) (Q-R) _ _B_
1- rAL(1- n) - L2n2' (2.16)
where the LHS and RHS are wage rate and payoff to rent-seekers respectively.
This implicitly defines interior equilibrium(s) that refers to the coexistence of
25Taking morality into account, amoral agents choose their careers based purely on the cor-
responding payoff but moral agents for being rent-seekers and appropriating the income of the
producers must incur a moral cost. The model analysed here assumes that moral cost of being
rent-seeker is zero and everybody is a potential rent-seeker. Baumol(1990, p. 897-8) writes :"
If entrepreneurs are .,. ingenious and creative in finding ways that add to their own wealth,
power, and prestige, then it is to be expected that not all of them will be overly concerned with
whether an activity that achieves these goals adds much or little to the social product or ...
even ... it is an actual impediment to production.". Also it has been assumed here that there
is no social or institutional control over the diversion of talent.
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productive and unproductive activities for °< n < 1.
According to (2.16), producers join rent-seeking until the expected marginal
reward of rent-seeking equals the opportunity cost of leaving the production
sector. In rent-seeking contests, the number of participants are either constant
or determined by free entry into the contest. In our model, there is no barrier
to prevent participation in the contest, but wage rate as the opportunity cost
of being unproductive provides an indicator for agents to decide whether to join
rent-seeking or not.
For a net wage rate, one finds W(n, Q) = W(O, Q) - A(1 - T)[G(O, Q) -
G(n,Q) 1, which states that due to diversion of public spending to public transfer,
the workers are underpaid and "diversion ...acts like a tax on output." (Hall and
Jones, 1999). The extent of this implicit tax rises with rent-seeking intensity.
Hence, although rent-seekers do not play an explicit predatory role, by channeling
the public spending toward unproductive activity, they act as a tax burden on
the production.I"
In the following, we identify conditions that establish the existence of equi-
libria:
Condition 1 W(I/L) > V(I/L).
Condition 2 3n E (0,1) such that W(n) > V(n).
Condition 3 W(n) < V(n) for 1- 1/L ::;n ::;1.
Condition 4 3n E (0,1) such that W(n) < V(n).
26Murphy et al. (1991) argue that "in some countries entrepreneurs ... avoid the tax from
rent seekers by becoming rent seekers themselves. "
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Proposition 3 Existence of different types of equilibrium
(i) If condition 1 holds, then the good equilibrium is a feasible regime. (ii) If
condition 3 holds, full rent-seeking is feasible. (iii) If condition 1 does not hold
but condition 2 does, or if condition 3 does not hold but condition 4 does, at least
one interior equilibrium exists.
Proof. Apply lemma 2, bearing in mind the continuity of both V and W .•
These conditions generate sixteen different situations. The following rules
however preclude infeasible situations.
Rule 1 If Condition 1 holds or Condition 3 does not hold, then Condition
2 holds.
Rule 2 Condition 2 and 4 cannot be violated at the same time.
Rule 3 If Condition 1 does not hold or Condition 3 does, then Condition 4
holds.
Rules 1 and 3 are based on the continuity of V and W. Rule 2 is based on
logical reasoning. Having imposed these rules, the remaining feasible situations
are presented in table 2.3.
The remaining six feasible situations refer to the cases where a combination of
the conditions 1 to 4 hold. Figure 2.3 illustrates a situation where all three types
of regimes are feasible. This captures cases (ii), (iii) and (iv) in table 2.3 where
each simple case justifies the feasibility of the good equilibrium, full rent-seeking
and interior equilibrium respectively.
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nFigure 2.3: Three regimes are feasible: the good equilibrium (n = 0), coexistence
of both activities (n = n2) and full rent-seeking (n = 1).
Table 2.3 Different types of equilibrium
Conditions
Case Types of equilibrium emerge
1 2 3 4
x ./ ./ ./ Interior Equilibrium and full rent-seeking
./ ./ ./ ./ ii Good Equilibrium and full rent-seeking
x x ./ ./ iii Full rent-seeking
x ./ x ./ iv Interior Equilibrium
./ ./ x ./ v Interior Equilibrium
./ ./ x x vi Good Equilbrium
In figure 2.3, n = nl refers to the situation where "rent-seekers have a strength
in numbers" (Murphy et. al. 1993). Rent-seeking is not attractive unless a
certain number of people are involved in that activity. In other words in this
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situation, the society is not secure from rent-seeking unless the relative produc-
tivity of working is sufficiently high. In (nI, n2) and (n3, 1], the reward structure
encourages rent-seeking and favours diversion. For n > nl therefore the economy
ends up with n = n2 or no-activity regime, i.e. n = 1 where individuals are all
rent-seekers.
Condition 2 or 4 justifies the occurrence of interior equilibria. In the case of
the existence of such points, according to the intermediate value theorem, the
number of crossing points of Wand V are odd. These points are respectively
stable and unstable where the latter, since the reward structure is common knowl-
edge, do not serve as equilibrium. In figure 2.3, apart from extreme regimes of
good equilibrium and full rent-seeking, there is also room for the coexistence of
productive activity and rent-seeking. In particular n2 is an interior equilibrium.
When n = 1, rent-seeking is self-sustained and the economy becomes trapped
in the no-activity equilibrium. One should realize that the social and political
costs of pushing the economy out of this equilibrium could be high. For such
a no-activity trap, our findings are consistent with what is called the political
vicious circle, bad equilibrium, underdevelopment trap or persistent corruption in
Krueger(1974), Murphy et al. (1993), Acemoglu(1995) and Tirole(1996) respec-
tively.
In a no-activity regime, all believe that rent seeking is the only route to gain,
and entrepreneurs devote their resources to capturing windfall rents. The only
productive activity in this situation is extraction and liquidation of oil resources
to finance rent-seeking activity. In predator-prey type models of rent-seeking, a
no-activity equilibrium is unlikely because a minimum amount of production is
required to be taken by rent-seeking. The novelty of this approach, in comparison
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with full rent-seeking situations established by Murphy et al. (1993), Baland
and Francois(2000) and Torvik(2002), is to link this concept to natural resource
endowment. In Murphy et al. (1993) bad equilibrium exhibits a very high level
of rent-seeking and extremely low living standards. In our model however we do
not compare W(O, Q) and V(I, Q).
In Torvik(2002) it may be more profitable for entrepreneurs to fully engage in
rent-seeking. In this case the only source of public sector income is the natural
resource, and genuine production does not occur. In our model, rent-seekers
instead of appropriation of the producers' income, have common access through
their political influence to the oil rent. So rent-seekers survive as long as poorly
defined property rights do not prevent them from usage of oil revenue to cover
their activities.
To identify the interior equilibrium(s) and the roots of condition (2.16), the
following function is proved to be useful.
Lemma 3 Let ¢ : [0, 1J ---+ [0,1J be defined as follows,
¢(n) == [1+ 1- rAL(I- n)]-1
(1 - r)AL2n2 (2.17)
(i) ¢ is positive, increasing and differentiable in n for nE (0,1];
(ii) Both ¢ and ¢' tend to zero when n tends to zero;
(iii) ¢(1) = {I + 1/ [(1 - r)AL2]} -1 < 1.
We can now reduce the problem of payoffs comparison to one of comparison
of the average productivity of lobbying R/Q and ¢ as defined above.
Lemma 4 For n E (0,1] and ° ~ R < Q, W ~ V if and only if ¢(n) ~
R(n,Q)/Q.
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Proof. By plugging from (2.14) and (2.13), W ~ V is equal to (1- r)A(Q-
R)/[I- r AL(1 - n)] ~ RI L2n2 where the latter inequality can be rewritten as
(1 - r)A Q ~ [ (1 - r)A + L -2 -2] R
l-rAL(I-n) ::5 l-rAL(I-n) n .
This by lemma 1, when R > 0, gives QI R ~ 1+[1 - rAL(1 - n)] I [(1 - r)AL2n2].
For R = 0 we have W > V which equals cl> > o. •
According to the empirical evidence, we expect that, everything being equal,
there should be a positive correlation between the level of rent-seeking intensity
and the degree of natural resource abundance. The following statements show
that this depends entirely on the features of the lobbying process and the char-
acteristics of the influence function. Using lemma 4, we can identify the interior
equilibrium(s) by the following statement.
Proposition 4 Given Q > 0, n E (0,1) is an interior equilibrium if:
i) n solves R(n,Q)IQ = cI>(n);and
ii) At a neighborhood ofn, cl> is steeper than R(n,Q)IQ, i.e. Jor some 6 >
II L : cI>(n- 6) < R(n - 6, Q)IQ < cI>(n)< R(n + 6, Q)IQ < cI>(n+ 6).
Proof. By definition, an interior equilibrium is a stable root of W = V
where (2.15) holds. Now apply lemma 4 considering that both RIQ and cl> are
increasing in n. •
This helps to identify a sufficient condition for the case where the level of oil
income does not affect the allocation of talent.
Proposition 5 An interior equilibrium level oj rent-seeking intensity is inde-
pendent from Q iJ R is linear in Q. In this case, oil rent rewards both activities
proportionally and does not affect the choice oj occupation.
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Proof. Applying proposition 3 to R = f(n).Q identifies the interior solutions
of W = V as those points where f(n) = </J(n), which is independent of Q.
Moreover, rewards to producers and rent-seekers in this case are respectively
W = (1 - T)A [1- f(n)] Q/ [1- TAL(1 - n)] and f(n)Q/ L2n2 which are linear
in Q.•
2.5.3 Sequenceof events
Based on the building blocks of the model, we can now describe how it works.
The sequence of events in this static model economy is as follows:
1. Nature selects the allocation of talent between two existing activities. This
determines the level of rent-seeking intensity, n E [0,1].
2. Given the available level of oil rent, Q rent-seekers claim fiscal transfers
equal R = R(n, Q), and the government announces the available level of
grants. This determines the combination of public expenditure.
3. Having determined the level of fiscal transfers:
(a) The fiscal authority sets the level of productive services accordingly:
G = (Q - R)/[1 - TAL(1- n)];
(b) producers produce final products Y = AL(l - n)G; they pay tax,
T = TY and receive their after-tax wage W(n, Q);
(c) rent-seekers receive their net payoff, V(n,Q).
4. The allocation oflabour is such that either V =W at n E (0,1) or V < W
at n = 0, or V > W at n = 1. The economy is at equilibrium unless it is
shocked. A substantial change in one of the exogenous parts of the reward
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structure displaces the economy from an old equilibrium to a new one. The
allocation of labour consequently changes such that the arbitrage between
the two activities disappears.
2.6 Oil booms
Nearly all countries that rely on oil income, regardless of their political make-up,
economic structure, and institutional characteristics, have encountered common
basic problems. Something it seems must dwell in the very process of oil-financed
development, somewhat independent of the political system, the stage of eco-
nomic advancement, or the quality of economic planning and management.
It is believed that the dependence on a particular type of government revenue,
shapes "the very institutions of the state, the framework for decision-making, and
the decision calculus of policy makers." (Karl 1997, p.7). This may motivate one
to ask "how can a repeated pattern be explained when it occurs across countries
as dissimilar in regime type, social structure, geostrategic location, culture, and
size as Iran, Nigeria, Mexico, Algeria, and Venezuela? Why, in the midst of two
booms, did different governments operating in distinctive contexts make choices
that seem to have produced similar results?" (p.8).
Referring to institutional sameness in these countries that is caused by the
origin of state revenues, Karl argues that "different sources of revenues from
commodities have distinctive impacts on the scale of the state, its degree of
centralization ... , the coherence of public bureaucracies, the types of organizations
adopted, [and] the patterns of policy making." (p.14). She then describes how this
petro-state, homogenizes much of the behaviour in oil exporters.
The surprising similarity of oil-exporting states' overall response to oil booms,
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motivates us to find out the impact of oil abundance on the allocation of human
resources, size and the composition of GDP. We assume that the economy stays
at equilibrium when a windfall arrives. The equilibrium condition (2.15) provides
an association between the relative size of rent-seeking and the level of oil income.
This association is elaborated in the following subsection.
2.6.1 Reallocation of labour
We have elaborated so far the allocation of labour given the level of oil income.
We are now interested in exploring how change in oil revenues motivates people
to alter their occupations. The key link is therefore how oil booms affect the
structure of incentives.
The institutional structures and preferences induced by reliance on oil rev-
enues, in Karl(1997)'s words "reduce the range of decision-making, [and] reward
some forms of behaviour more than others ... [This may] produce a situation in
which one path of action becomes far more attractive or far less costly than an-
other, and thus they can define preferences by creating overwhelming incentives
for decision-makers to choose (or to avoid) a specific set of policies." (pp. 9-10).
At an interior equilibrium, both activities are equally attractive. When a
boom occurs, by raising the relative payoff to one activity, it makes it more
attractive than the other. This motivates people to change their occupation until
the arbitrage between the two activities disappears at the post-boom equilibrium.
The key concept for studying the impact of the windfalls on the allocation of
labour is therefore to examine how booms affect the reward structure.
To analyze the problem more concretely, consider V - W as the bonus that
the economy pays to the rent-seeking. The sign of 8(V - W) /8Q determines
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whether the boom encourages rent-seeking or pays more to the producers. We
firstly identify a situation where booms pay two activities equally and do not
motivate labour to change their occupation.
Conclusion 1 Booms do not change the allocation of human resources if R is
linear in Q.
Proof. When R = f(n).Q is linear in Q, a boom with size AQ > 0 changes
the reward to both activities proportionally as:
AW = A(l - r) [1 - f(n)1 . AQ
1-rAL(I-n) , and
In this case, if n solves V = W, it also does for V + AV = W + AW .•
What we learn from the above statement is that when a certain share of
resource rent goes to the fiscal transfers, the level of natural resource abundance
does not have an impact on the allocation of labour.
In general when R is not linear in Q, the marginal productivity of lobbying
is the key indicator that determines how a boom affects the occupational choice
and which activity it promotes. The following statement separately provides
conditions for the cases where producers and rent-seekers benefit from a boom.
Lemma 5 (i) VQ> 0 if and only if RQ > o. (ii) WQ > 0 if and only if RQ < 1.
We provide here the necessary and sufficient condition for the case where
a boom pays one activity more than the other leading to occupational change.
Similar to the case of oil endowment in proposition 4, here ¢ is the reference
function to identify the effect of oil booms.
Lemma 6 Let n E (0,11 and R < Q. VQ(n, Q) S WQ(n, Q) if and only if
RQ(n, Q) S ¢(n).
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These two lemmas enable us to classify the impact of a boom on the relative
payoff, on the ground of the relative size of the marginal productivity of lobbying
Proposition 6 The effect of booms on the reward structure at an interior equi-
librium depends on the relative magnitude of marginal productivity of lobbying,
Rq and </Jat that point.
(i) IfO < Rq < </J,then 0 < VQ < WQ;
(ii) If</J< Rq < 1, then 0 < WQ < VQ;
(iii) If </J< 1 < Rq, then WQ < 0 < VQ.
Proof. Use lemma 5 and 6 and note from lemma 3 that </Jis positive and
bounded from above by one. •
This shows how, by changing the relative payoff, booms make one activity
more attractive than the other. In cases (i) and (ii) booms are beneficial for both
activities, but since they do not reward them equally they create incentive for
change of occupation. In case (iii), by lowering the wage rate of the workers,
booms make productive activity less desirable. The common feature of all three
cases is that, due to the effect of booms on the labour's incentive, a pre-boom
allocation of labour is no longer an equilibrium in post-boom era.
From definition of </J,we learn that it is independent of Q. The impact of
booms on the reward structure and the allocation of labour therefore depends
on lobbyists' reaction to the boom and how the fiscal authority facilitates their
access to the windfall. This is captured by Rq, the marginal productivity of
lobbying.
Proposition 7 The effect of booms on the allocation of labour can be merely
categorized by comparing the marginal and average productivity of lobbying.
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(i) If R<J< RIQ < 1, then 0 < VQ < WQ;
(ii) If RIQ < R<J< 1, then 0 < WQ < VQ;
(iii) If RIQ < 1 < R<J, then WQ < 0 < VQ.
Proof. Suppose the economy stays at equilibrium when a boom occurs.
Using proposition 4, one can therefore replace ¢ in proposition 6 with RIQ at an
interior equilibrium. The second part of lemma 5 is now applicable to identify
whether the wage rate rises or falls with the boom. _
According to proposition 4, interior equilibria are the points of intersection
of ¢ and RIQ where the former is steeper than the latter. On the other hand
RIQ S R<J is equivalent with 8(RIQ)18Q ~ o. In case (i) therefore RIQ falls
with Q which implies a falling of n too. In cases (ii) and (iii) however RIQ rises
which is equivalent with the rising of n. In case (iii) in addition R<Jexceeds one.
This according to lemma 5, results in WQ < O.
Now we are prepared to give a necessary and sufficient condition for the case
where a resource boom induces misallocation of labour.
Conclusion 2 Let for Q > 0, n E (0,1) is a pre-boom allocation of labour. A
boom diverts labour from production to rent-seeking if and only if R(n,Q)IQ <
R<J(n,Q).
Proof. Partial differentiation from RIQ with respect to Q implies RIQ
increases with Q {::::::}R<J> RIQ. From proposition 4, the intersection point of
¢ and RIQ is an interior equilibrium where the former is steeper than the latter.
Now if RIQ < R<J, a boom raises RIQ leaving ¢ intact. This raises n.
By the same token, if a boom increases n, i.e. the point of intersection of ¢
and RIQ, the only cause for so doing is the rising of the latter which is equivalent
to R<J> RIQ· •
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To show how a boom affects the relative attractiveness of one activity, let us
consider the following illustrative example.
Example 1 Suppose RQ(O,Q) = 0 and RQ(1,Q) > 1. Moreover RQ(n,Q) is
increasing, convex and continuous in n and crosses </>from below. There exists
then a unique cut-off value of rent-seeking intensity defined by n" = arg{RQ(n, Q) =
</>(n)}such that if the pre-boom level of rent-seeking is higher than n", then the
boom rewards rent-seekers more and supports diversion. Otherwise it reduces the
extent of misallocation of talent.
Solution 1 Take RQ and </>as two functions of n on [0,1J. For low values of
n, Hq is flatter than </>and therefore remains below it for some (0,n). On the
other hand RQ(1,Q) > </>(1)by assumption. Apply the zero theorem now on
Hq - </>to establish the existence ofn* E (0,1). The uniqueness comes from the
monotonicity of both RQ and </>and convexity of Hq. We have therefore Hq ~ </>
for n ~ n". Now by applying lemma 6, one gets the result.
Hence for n > n", an oil boom encourages rent-seeking while for n < n* it
pays more to the producers and makes production more attractive. In Baland
and Francois(2000), a resource boom favours rent-seeking along the whole (0,1J
interval. In our model this is the case over a shorter region, i.e. (n*, 1J where
n* > O. Moreover in this case, the bonus that the boom pays to rent-seekers is
continuous and strictly increasing in the level of rent-seeking intensity. The case
is illustrated in figure 2.4.
Change in other exogenous parts of reward structure Apart from Q
itself, the productivity parameter A, Tax rate T, and size of the economy repre-
sented by the total population L constitute the exogenous aspects of the reward
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Figure 2.4: The extent of diversion that boom induces depends on the pre-boom
level of rent-seeking intensi ty.
structure. It seems useful now to study the effect on the reward of both activities
and the implied choice of occupation of any change in these parameters.
Productivity parameter In Eq. (2.3), A can be interpreted as the relative
productivity of working to rent-seeking. A rise in A, thus, is associated with the
relative rise in payoff to the producers. It raises Wand leaves V intact which
implies the decline of n. From (2.17), using simple algebra one can also show
that A, pulls 4> upward while it does not have any effect on RIQ. Applying
proposition 4 implies that n falls with A.
This accords with Torvik's result, in which an increase in productivity of
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genuine production (modern sector in his words), reallocates talents in favour
of productive activities. This, through a multiplier effect, increases income and
welfare. The positive level effect of productivity shock is in contrast with the
Tornell-Lane models, where owing to open access of multiple powerful groups to
production, higher productivity may push the rate of return on investment and,
thus, growth down.
Tax rate Raising T has two effects on the reward to producers while its
effect on rent-seekers' income is neutral because, by assumption, they have no
direct access to tax income.
By raising T, workers are paid less. A tax rise also provides more resources
for the government to spend on productive input. The overall effect depends
on the level of rent-seeking. More explicitly we have aw/Br ;;; 0 if and only if
n ~ 1-I/AL. To put it differently, for n < 1-I/AL, rent-seeking intensity falls
with tax rise while for n > 1 - 1/AL tax rise makes production less attractive
and urges workers to join rent-seeking.
Clearly for AL < 1, the inequality does not bind and wages fall with tax rate,
regardless of the size of rent-seeking. In other words, if the size of the economy in
efficiency units is small, workers do not benefit from tax rise. The less expected
part of the argument is that when the size of the economy, in efficiency units, is
large enough, workers may gain from a tax rise.
This result can be viewed as complementary to those of Nili and Barakchian
(2002) who, by taking both inequality and rent-seeking into account, find that
the smaller the tax rate, the more attractive is rent-seeking for the rich. As a
result one may conclude that the low tax rate in oil economies is the result of a
political equilibrium which favours both poor and rich.
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Size of the economy From (2.14) and (2.13) one learns that an increase
in the size of economy denoted by L, raises the payoff to producers while it lowers
the reward to rent-seekers more rapidly. As a result, by growing the economy,
everything being equal, the allocation of talent changes in favour of production.
The findings on the effects of a change in exogenous parts of the reward
structure on the allocation of labour are summarized in the following proposition.
Proposition 8 (i) A productivity shock makes production more attractive and
lowers rent-seeking intensity.
(ii) Raising the tax rate at the low level of rent-seeking, makes production
more attractive than rent-seeking, whereas when rent-seeking is common, raising
the tax rate is favours the rent-seekers.
(iii) The larger the size of the economy, the smaller is the rent-seeking inten-
sity.
2.6.2 The voracity effect
The concept of the voracity effect was firstly introduced by Lane and Tor-
nell(1996) and then extended in Tornell and Lane(1998, 99) and Tornell(1999).
These studies elaborate the interaction among several rent-seekers who have the
power to extract fiscal transfers and claim independently a commonly accessi-
ble pool of productive asset. As a result, when the value of the asset increases
e.g. by a resource boom, the powerful rent-seekers claim the windfall in a non-
cooperative manner such that the size of claim grows more rapidly than the size
of windfall itself.
Tornell and Lane rationalize the main failures of booming economies, like
growth collapse, public debt and trade deficit on the ground of the so-called
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voracity effect. They formulate how the after-effects of boom proceed when the
voracious rent-seekers do not coordinate their level of appropriation.
Earlier, Gelb(1988) addressed this fact when he wrote: "some of the costs of
spending boom ... are external to individual agents and are not adequately taken
into account when individuals make spending and saving decision."( p.141)
Karl(1997) reports a similar effect in the discovery of gold and silver in the
Americas where the treasure exported into Spain changed the nature of interna-
tional economic and political power in the sixteenth century: "in 1574, ... Philip
II spent twenty-two million florins even though the government's budget was only
twelve million."(p.36) Also: "the enormous expenditure of the state, the luxu-
rious living of the aristocracy and the ruling class, and the widespread rentier
mentality had reduced Spain to a state where people lived outside the natural
order." (p.40)
Although this study does not explain why the voracity effect operates, it
rationalizes how it takes place and proceeds during booms. In order to do so and
without going into the details of the cause of the voracity effect, we reproduce
this concept in a simpler fashion and show how it can capture the same effect as
proposed by Tornell and Lane.
Definition 4 The voracity effect refers to a situation where the size of trans-
fers, R, grows more proportional than the size of windfall, Q. Formally this
happens if Hq{n, Q) > 1. It takes place when, besides the extra resources pro-
vided by a windfall, a boom diverts part of the productive services to the transfers.
The extent of the voracity is measured by Hq - 1.
The voracity effect emerges in situations where transfers not only absorb
windfalls, they divert some of the resources that had been allocated in the pre-
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boom era to the productive services to the fiscal transfers. RQ - 1 in our model
stands for what Tornell and Lane(1998) calls propensity to suffer from voracity.
The following statement explains the effect of a resource boom on the allo-
cation of human resources and economic success in the presence of the voracity
effect.
Proposition 9 When the voracity effect operates, a boom makes rent-seeking
more attractive than production and motivates labour to leave the former activity
and join the latter. The higher the size of a boom or the more voracious the
windfall claimants, ceteris paribus, the extent of diversion of human resources
into rent-seeking is more. In particular, a resource boom with a high enough
magnitude induces a change of regime from the good equilibrium to the coexistence
of both activities or from the latter regime to full rent-seeking.
Proof. From lemma 5, RQ > 1 gives WQ < O. This, in conjunction with our
assumption on RQ results in WQ < 0 < VQ which fits case (iii) of proposition
7. As a result, a resource boom operating in the presence of the voracity effect
raises the return to the rent-seeking and lowers those of producers. It displaces
the interior equilibrium{s) rightward which is equivalent with misallocation of
talent in favour of rent-seeking.
WQ = IJ~{(:-n)(1 - RQ) shows that, everything being equal, the size of
falling of Wowing to the boom is greater, the larger is the extent of suffering
from the voracity, RQ - 1. In addition, the amount of rise of V and fall of W,
and ~W = (I - T)A{l - RQ) . ~QI-TAL{1-n) ,
are linear in the magnitude of the boom, ~Q .•
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Figure 2.5: In the presence of the voracity effect, a boom may lead the changing
of regime from coexistence of both activities to full rent-seeking.
Svensson(2000) addresses a striking case where an increase in government
revenues may lower the provision of public goods. We show that in our setting this
happens when the voracity effect operates. This provides a partial explanation
for the cases in oil economies where windfalls do not lead to increased welfare.
Conclusion 3 Suppose R < Q. An increase in the contribution of oil rent in
the government revenues reduces the provision of public productive services if and
only if the vomcity effect is opemtive.
Proof. Simple differentiation gives GQ = (1 - RQ)/[l - TAL(l - n)]. From
lemma 1, R < Q ensures that the denominator is positive. This results GQ <
o <===> RQ > 1. •
We can not fully determine in what extent the voracity effect may cause
the reallocation of labour unless extra conditions are imposed on the influence
function. We can however present a situation where the effect is not operative
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along the whole possible range of the rent-seeking intensity.
Proposition 10 If lobbying is the only motive behind the fiscal transfers, the
voracity effect cannot operate along the whole range of the allocation of labour
between two existing activities. In particular, if marginal productivity of lobbying
is increasing in rent-seeking intensity, the effect takes place only for a high level
of rent-seeking.
Proof. Remark 1 results R(O,Q) = O. This implies V(O, Q) = 0 < W(O, Q) =
(1 - T)AQ/ (1 - TAL) for all Q > O. Continuity of V and W implies that for
each e > 0, there exists a large enough L > 0 such that
1V(1/L,Q) - V(O,Q) 1< e, and 1W(1/L,Q) - W(O,Q) 1< c.
The first inequality implies V(I/ L, Q) < c, while the second results in W(O, Q) <
W(I/L,Q)+c. By definition, V(I/L,Q) = R(I/L,Q) which is positive but owing
to the continuity of R, for large enough L, is small enough. This gives
V{I/ L, Q) < W(O, Q) < W(I/ L, Q) + e,
which by condition 1, establishes that n = 0 is an equilibrium no matter how
large Q > 0 is. As a result, the pre-boom equilibrium n = 0 is an equilibrium in
the post-boom era too. This shows that the voracity effect does not operate at
the good equilibrium.
For the second part, suppose HQn(n, Q) > O. The extent of suffering from the
voracity, HQ - 1 hence is continuous and increasing in n. There exists therefore
a unique cut-off value of rent-seeking, n* = arg{HQ(n,Q) = I} for which the
voracity effect does not appear along [0,n"], •
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Conclusion 4 If R is separable, the voracity effect is more likely to operate only
for high levels of rent-seeking intensity.
Proof. R(n,Q) = f(n)g(Q) implies RQn = f'(n)g'(Q), where both functions
on the RHS are positive by definition 1. Now, apply the second part of proposition
10.•
2.6.3 Income and allocation effect
By Eq.(2.12), the oil rent has a direct one-to-one contribution to GDP. The oil
component rises during boom and obviously has a positive size effect. Besides
this direct effect, a resource boom has two other effects. It changes the amount of
available resources for productive services. It also affects the allocation of labour
which indirectly affects other variables. The overall size effect of boom on GDP
equals dGDP = dQ +dY where the second term on the RHS can be written as
ay ay
dY = aQ . dQ + an . dn . (2.18)
The first and second terms on the RHS refer to the income and allocation effects
of the boom respectively where the latter is obviously operative only if the boom
induces a change of equilibrium. For instance, from conclusion 1, we learn that
the allocation effect is neutral if R is linear in Q.
During a boom, the size of oil rents and the amount of fiscal transfers both
grow where the extent of change in the latter is determined by the influence
function. A boom consequently changes the available resources and directly
affects the reward structure. Section 2.6.1 shows that in general, an equilibrium
level of rent-seeking before a boom is no longer an equilibrium after the boom
because it creates an incentive for deviation of labour. This is in effect when the
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boom pays unequally to the existing activities and motivates people to change
their current occupations. In this case, the allocation effect may reinforce or
offset the income effect.
According to the production function (2.3), rent-seeking intensity adversely
affects the level of income. Hence when a boom discourages rent-seeking, it has
a positive level effect whereas in the case that the windfall makes rent-seeking
more attractive, it reduces the level of production. The higher the size of a boom,
the stronger is the income effect.
Direction of effects
Because of (2.3), Yn < O. The allocation effect is therefore positive (respectively
negative) if dn < 0 (respectively> 0). The following statement characterizes the
direction of income and allocation effects.
Proposition 11 (i) The income effect is positive if and only if RQ < 1. (ii)
The allocation effect is negative if and only if RIQ < RQ. (iii) When the income
effect is positive, the allocation effect may be positive or negative. When the
income effect is negative however, the allocation effect is also negative.
Proof. (i) (2.3) and (2.11) obtain YQ = AL(I-n)(I-RQ) I [1-TAL(I-n)].
Lemma 1 therefore gives the result.
(ii) 8(RIQ)18Q = (RQ - RIQ)IQ. As a result of a boom, RIQ rises (re-
spectively falls) if RIQ < RQ (respectively RIQ > RQ) while cp remains intact.
Since at an interior equilibrium, RIQ is flatter than cp, the rise (respectively fall)
of the former is equivalent with the rise (respectively fall) of equilibrium n.
(iii) When RQ < 1, RQ may be less or greater than RIQ. On the other hand,
since by definition R ~ Q, when RQ exceeds one, it exceeds RIQ too .•
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Interaction of two effects
We consider the interaction of income and allocation effects where production
and rent-seeking coexist. To make it tractable, we confine our analysis to the
case (iii) in proposition 3 where Wand V cross at nl and n2 (0 < nl < n2 < 1)
and nl is an interior equilibrium. Moreover we assume that the economy stays
at nl when it receives a windfall.
Considering whether n* = arg{RQ(n, Q) = ¢(n)} is on the right or left of the
interior equilibrium, two cases are distinguished.
Case 1 nl < n* < 1
Case 2 0 < n* < nl
In case 1, 0 < VQ(nl) < WQ(nt}, meaning that the boom rewards both
producers and rent-seekers but pays the former group more. As a result, after a
boom, nl is no longer an equilibrium. The boom stimulates rent-seekers to join
production until the incentive for deviation disappears at ni E ( O,nI)' This is
depicted in the upper panel of figure 2.6.
In case 2, we have VQ(nl) > WQ(nI) and the boom favours rent-seekers more.
A boom therefore induces diversion from production to rent-seeking implying that
the allocation of human resources ends up with a new equilibrium at ni E ( nI, 1).
In this case, the allocation effect counteracts the income effect. The impact of
a boom on the equilibrium level of the rewards is ambiguous in this case and
depends on whether the new equilibrium level of returns to both activities (at
nU is higher or lower than its pre-boom level (at nl). In the latter case, the
adverse level effect of rent-seeking, generated by producers who have switched
to unproductive activity, offsets the income effect of the boom. The occurrence
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Figure 2.6: Interaction of the income and allocation effects
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of this situation depends on the pre-boom equilibrium that the economy stays
at (nI), the magnitude of boom (~Q) and the extent of change implied by rent-
seeking on the reward structure (Wn and Vn). This is illustrated in the middle
panel of figure 2.6.
Case 2 also reveals a possibility for changing of regime induced by an oil boom.
Since booms reward rent-seeking relatively more, the points of intersection of
W and V in this case become closer after booms. The higher the magnitude
of booms, ceteris paribus, the closer are n~ and n~. Given the parameters of
the model, there exists a threshold level of oil rent, say Q, for which n~ and
n~ coincide and V touches W. For Q > Q therefore, there is no room for
interior equilibria and only the no-activity equilibrium is feasible. In this case,
the economy switches from the coexistence of both activities in the pre-boom
period to the no-activity regime in the post-boom era. This is illustrated in the
lower panel of figure 2.6.
In this case the misallocation of talent induced by booms totally offsets their
income effects such that, overall, booms favour diversion of human resources.
Moreover a temporary shock in this case has a permanent effect and the economy
stays at a no-activity equilibrium even when the level of oil income returns back
to its pre-boom level.
The above analysis refers to a situation where an oil boom, which is naturally
expected to bring about a boost in income and economic prosperity, induces a
major change in the allocation of human resources in favour of rent-seeking and
ironically results in a sharp decline in the standard of living. We develop this
possibility further in the next section.
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2.6.4 Level effect
From section 2.4.3 we learn that CDP has two components, Y and Q that refer
to the production and endowment parts of the economy respectively. According
to (2.3), the first component decreases in rent-seeking intensity as both the con-
tribution of labour and size of public productive services fall with n. The size of
the endowment economy Q, on the other hand is exogenous.
A change in the magnitude of the resource rent, by a resource boom, increases
the size of the endowment economy and consequently CD?, one-to-one. It also
affects the allocation of labour between existing activities which consequently
affects the level of fiscal transfers and the public production services, Rand C
respectively.
The task of this subsection is to identify whether the effect of booms on the
size of production economy amplifies or mitigates their direct contribution on
CD? In the former case, a boom initiates a positive multiplier effect on the
income. In the latter case, the question is whether the adverse effect of a boom
outweighs its positive income effect.
In contrary to Torvik(2002), here Y+Q does not increase by the same amount
as an increase in Q. There is an indirect contribution from the natural resource
sector to the production economy acting through rent-seeking that may operate
in the same or opposite direction relative to its direct contribution.
One may argue that, since the windfall provides extra resources and hence
options to the booming economy, it is difficult to make the case where it can have
a negative overall value. The country, in this view, can follow, after all, exactly
the same policies as it would have done in the absence of the windfall and give
the windfall away, e.g. as foreign aid. This argument ignores the changes that
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the windfall introduces in the domestic institutions of the host economy and the
after-effects of the boom that last after the boom.
The following statement gives the necessary and sufficient condition for the
adverse level effect of booms. It firstly expresses the case where a resource boom
pushes the level of genuine production down. It then examines the overall effect
of booms. This latter part considers the case where natural resource abundance
lowers income.
Proposition 12 Let R < Q. (i) A resource boom shrinks the production econ-
omy if and only if either the voracity effect operates or the allocation effect dom-
inates the income effect. More formally
dY < 0 <==> (1 - RQ)dQ < (_9_ + Rn) dn.
1-n
(ii) The boom lowers GDP if and only if
[(1- R/Q)~ + (1- HQ)] dQ < (1~n + Rn) dn. (2.19)
Proof. Plugging from (2.3) in (2.18) and differentiating, obtains
dY =
AL
-l---rAL~(l---n-:-){(1- n)(l - HQ) . dQ-
[ Q -(R ) + (1 - n)Rn] . dn},1-rAL1-n (2.20)
which using lemma 1 and Eq. (2.11), results
dY ~ 0 <==> (1- n)(l- HQ). dQ ~ [G+ (1- n)Rn]' dn.
This concludes the first part.
For the second part, apply the above result into dGDP = dY + dQ which,
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using lemma 1, results in:
dGDP S 0 {:::::}[1/AL + (1- n)(1 - RQ - r)] dQ S [G+ (1 - n)Rn] dn.
By dividing both sides by 1 - n and applying (2.3) and (2.1), the expression
within the first bracket becomes (G - T)/Y + (1 - RQ). Now apply (2.2).•
This proposition can offer a theoretical explanation for Gelb(1988, p.4)'s puz-
zling question: "Is it in fact possible for a country receiving a large windfall gain
to end up less well-off than it might have been without it?"
Clearly it is expected that when both income and allocation effects, due to
the voracity effect, are negative or even in the absence of the voracity effect,
when the (negative) allocation effect is strong enough to outweigh the (positive)
income effect, a boom can shrink Y and lower the genuine production component
of GDP. What is less expected is the case where the adverse effect of a boom
dominates its positive direct effect leading to an overall negative level effect. The
following statement presents a sufficient condition for such a case, identifying the
factors that generate the negative level effect of a boom.
Conclusion 5 Let R < Q. A boom reduces GDP if the voracity effect is opera-
tive and the propensity to suffer from the voracity, exceeds the size of the subsidy
to the producers in units of the final good. More formally,
G-T dGDP---y- < RQ - 1 =} dQ < O. (2.21)
Proof. The LHS of inequality (2.19) represents the appropriately scaled
measure of the sum of the direct effect of the boom on GDP and its income effect,
whereas the RHS represents the allocation effect in the same scale. Obviously,
when dn < 0, the RHS is negative and the inequality does not hold. In the
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case where dn > 0 however, the result depends on which effect dominates. One
sufficient condition for falling of GDP, is the case where the LHS of (2.19) is
negative. This, taking into account R $ Q, gives the result. •
The above result refers to a situation where the wealth of a country makes it
poor27. It shows the case where the (negative) income effect of boom sufficiently
compensates its direct (positive) effect, negating the overall windfall value for
booming economies/".
Restating the sufficientcondition for the negative size effect of boom in (2.21),
as
Q HQ-I
Y < 1-R/Q' (2.22)
one notes that three factors accounts for this result. First, the lower the extent
of resource intensity, Q/Y the higher is the relative weight of the production
economy that falls with rent-seeking and therefore the likelier is the adverse
effect of a boom to dominate. Second, the higher the propensity to suffer from
voracity RQ - 1, or the less cautious is windfall spending, the greater is the
(negative) indirect effect of the boom. Finally, the higher the extent of diversion
of oil income toward fiscal transfers, or the closer R is to Q, the more likely the
adverse effect of the boom is to appear.
271n simulation of a general equilibrium model incorporating the common features of oil
economies, Gelb(1988, ch.8) concludes that for a wide range of parameters, the cost of windfalls
generated by the severity of subsequent recession and stagnation, is more than its benefits.
This happens because downside macroeconomic costs are potentially far larger than upside
absorption benefits. By ignoring the cost of subsequent recession, we pursue a different line of
reasoning.
28Even considering the benefits of windfalls for booming economies, Gelb(1988) believes that
"the decade of the oil windfalls has involved the global economy in a massive, negative-sum
game."(p.143)
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Conversely, countries with a substantially large resource sector, or those where
access to the fiscal budget is restricted are less likely to experience the negative
size effect of resource boom.
Equilibrium switching Another possibility for lowering the level of GDP by
booms is the case of equilibrium switching. Formally, this happens when, owing
to a change in the exogenous part of the reward structure, the allocation of talent
experiences a discontinuity. Given the exogenous variables and parameters of
the model, rent-seeking intensity n by (2.16) is a function of oil rent Q which
is implicitly defined by R(n, Q)/Q = ¢(n). Equilibrium switching thus refers to
the points of discontinuity of n = n(Q).
Since occupational choice, by assumption, is an individual-based decision,
equilibrium switching happens in the case where a change in the level of oil
income makes a feasible regime infeasible. The most interesting case occurs
when, due to a change of regime, the economy switches to full rent-seeking. In
this case the production economy collapses but the endowment-based economy
survives.
An equilibrium switching induced by a boom has the property that a tem-
porary shock initiates a situation where the after-effect of the boom lasts even
when the resource rent has returned to its pre-boom level.
When the allocation effect is negative, at the points of discontinuity of n(Q),
there exists a possibility for a resource boom with a small magnitude to induce
a substantially large diversion of the human resources from production to rent-
seeking. In this case the extent of fall in genuine production Y, may exceed the
direct contribution of the boom, such that overall, the boom lowers total output.
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Conclusion 6 In the case of equilibrium switching, a resource boom has a neg-
ative level effect if the extent of change in rent seeking intensity relative to the
resource rent is sufficiently large such that
[(C - T) IY + (1- RQ)] dQ < [Cl (1- n) + Rn] dn. (2.23)
Proof. Consider the case where dn < 0, but inequality (2.22) does not
necessarily hold. Suppose n( Q) has a discontinuity from the right at Q = Qo.
This means "If > 0, there exists an M > 0 such that n(Q) - n(Qo) > M for
Q - Qo < f. Now let Q rises from Qo to Ql E (Qo,Qo + f). This lowers the
LHS of (2.23) to [(C - T) /Y + (1 - RQ)] E while the RHS is bounded below by
[Cl (1 - n) + Rn] M. By choosing e small enough, the proof is complete .•
2.6.5 Classification of the boom effects
To summarize the impact of a resource boom on the allocation of labour, size
and composition of GDP, we identify three mutually exclusive cases.
Case 3 RQ < RIQ < 1;
Case 4 RIQ < RQ < 1;
Case 5 RIQ < 1< RQ.
The impact of a boom on the economy can be summarized as follows.
Conclusion 7 (i) In case 3, a resource boom is gainful. It increases returns to
both productive and unproductive activities, but raises the relative attractiveness
of the former. For this reason a boom improves the allocation of talent in favour
of productive activities and reduces the extent of diversion.
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A boom in this case also promotes provision of public productive services. It
therefore raises genuine production for two reasons and expands GDP more than
proportionally. However the effect of booms on natural resource intensity is not
clear.
(ii) In case 4, a resource boom induces both gains and losses. It promotes
returns to productive activities and rent-seeking, but makes the latter more at-
tractive. As a result, a boom in this case motivates the producers to become
rent-seekers.
By increasing the amount of public services, a boom, on the other hand, boosts
production in this case. The net effect on production depends on the interaction
of the negative allocation effect and the positive income effect. The overall size
effect of the boom and its impact on resource intensity is not clear in this case.
(iii) In case 5, a boom is likely to be counterproductive. It raises the return
to rent-seekers and lowers the pay to the producers. It therefore affects incentives
in favour of rent-seeking and supports diversion of human resources. A boom in
this case lowers provision of public productive services. As a result, it shrinks the
genuine production sector for two reasons.
The overall level effect depends on the size of the negative effect of the boom
on the production sector and its positive direct effect. By reducing the size of
the production economy and increasing the size of the endowment economy, a
resource boom in this case changes the composition of GDP and raises the natural
resource intensity.
Proof. In case 3, RQ < 1 implies GQ > 0 meaning that the boom provides
more resources for productive services and has a positive income effect. Moreover,
since RQ < RIQ the boom also lowers n. These two imply dY > 0 which results
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in dGDP/dQ > 1. The impact of the boom on resource intensity and thus
composition of GOP depends on whether dY exceeds dQ or not.
In case 4, the income effect is still positive, but since RQ exceeds R/Q, the
boom increases n. Impact of the boom on the production economy and GOP
thus is not clear.
In case 5, RQ exceeds one, implying that both income and allocation effects
are negative. A boom in this case therefore lowers Y and raises the resource
intensity Q /Y. The overall size effect of the boom, however, depends on whether
a direct contribution of the boom, I.e. dQ > 0 compensates the shortage of
genuine production, dY < 0 or not. •
Our findings on the boom effects are illustrated in table 2.4.
Table 2.4 Summary of boom effects
Income Allocation Effect on Welfare
CASE effect effect production effect
YQ·dQ Yn -dn dY dGDP
RQ < R/Q < 1 + + + +
R/Q < RQ < 1 + ? ?
R/Q < 1 < RQ ?
In contrast to our findings, Grossman and Mendoza(2001) argue that "al-
though a large resource endowment can cause people to allocate more time and
effort to appropriative conflict, in a steady state the direct positive effect of abun-
dance on consumption would outweigh this indirect negative effect." One reason
for this result is that the Grossman-Mendoza model does not address the voracity
effect and hence only covers cases where the income effect of a boom is positive.
Our treatment however shows that even in case 4, the negative allocation effect
103
of a boom may exceed its positive income effect.
An illustrative example is useful in this stage to show how each case proceeds.
For simplicity and tractability we consider the case where the influence function
is separable.
Example 2 Let R(n, Q) = f(n) .g(Q) be separable where g(Q) = aQ3 -bQ2+cQ
is a cubic polynomial with a, b, c > O. Moreover f is such that at some level
of Q > 0, all three types of equilibrium are feasible. For g we have g'(Q) ~
g(Q)IQ <===> Q ~ bl2a. Moreover for Q1 == [b+ (b2 - 3ac + 3a)1/2] /3a and
Q2 == [b+ (b2 - 4ac + 4a) 1/2] /2a with b/2a < Q1 < Q2 we have g'(Q1) = 1 and
g(Q2)/Q2 = 1. Since f(n) > 0 is order preserving, for Q E (0, Q2) we have:
(i) RQ < RIQ < 1 for 0 < Q < b/2a;
(ii) R/Q < RQ < 1 for b/2a < Q < Q1i
(iii) R/Q < 1< Hq forQ1 < Q < Q2.
In other words, as Q varies from 0 to Q2, the economy moves from case 3
to case 4 and then to case 5. The boom effects therefore depend on the pre-boom
level of oil rent Q.
For 0 < Q < b/2a, R/Q falls with Q leading to fall of n as well. The boom
makes production more attractive and motivates labour to shift from unproductive
to productive activities. Moreover since RQ is limited from above, the economy
is cautious in windfall spending. In this range, the boom has a multiplier effect
and raise GDP more rapidly.
For b/2a < Q < Qb R/Q rises with Q, raising n as well. The diversion
of the labour force induced by the boom reduces the scope of its positive income
effect. As a result the boom has a positive but less than proportional level effect.
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It changes the composition of GDP away from a production economy towards an
endowment one.
Finally for Ql < Q < Q2, both RIQ and n rise with Q. A boom in this
case shrinks the genuine production and transforms the economy from production
toward an endowment economy. In the case of the discontinuity of n(Q), the
boom might have an adverse level effect too.
2.7 Conclusion
This Chapter elaborates the effect of rent-seeking on misallocation of talent when
it competes, in employment of human resources, with productive activities. We
tailor our model to specific aspects of rent-seeking in oil economies where the size
of oil rent is substantially high and the government is in charge of the allocation
of rents. Rent-seeking, coupled with lobbying, bridges the allocation of labour
to the fiscal policy and links the latter to the productivity of working.
Our major findings are summarized as follows:
1. Reward to productive activities decreases in the level of rent-seeking. This
is caused by a negative externality from rent-seeking on production.
2. Rent-seeking has a negative level effect for two reasons. Some potential
producers choose rent-seeking rather than production. Moreover, by lob-
bying, rent-seekers divert public expenditures toward transfers and away
from productive services.
3. Allocation of human resources between production and rent-seeking and
the reward to both activities are jointly determined at equilibrium, where
there is no incentive for change of occupation.
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4. There is scope for multiplicity of equilibria including interior and corner so-
lutions. This may account for divergent performances across oil economies.
Multiplicity accommodates the performance of successful economies as well
as their failures in a unified framework.
5. The good equilibrium, in which there is no rent-seeking, is not feasible
unless the productivity of working is sufficiently high relative to that of
rent-seeking.
6. Except in the good equilibrium, producers are always underpaid. The
extent of this depends on the level of rent-seeking that acts as an extra tax
on income.
7. In full rent-seeking, the extraction of oil reserves is the only economic ac-
tivity and everybody is a rent-seeker. Rent-seeking, in this regime is self-
sustained.
8. Apart from direct predation on producers, rent-seeking can take the form
of making a claim on oil rents and influencing the fiscal authorities to divert
productive spending to public transfer.
9. Other types of equilibrium than good equilibrium, emerge because people
cannot coordinate the abandoning of rent-seeking. Agents take the reward
structure as given and individually choose the occupation that pays more.
10. Resource booms, in general, reward both activities unequally and motivate
people to change their occupation. Whether booms favour productive or
unproductive activities depends on the characteristics of the lobbying ac-
tivity and political influence. In the case where booms pay more to the
106
rent-seekers, it is possible that the net level effect of booms is negative.
11. Under plausible assumptions, an oil boom can cause a change in the regime
from coexistence of both activities to full rent-seeking. In this case, tem-
porary shock has permanent effects and the after effects of booms persist
even when the oil rent returns to its pre-boom level.
12. The voracity effect is operative when the marginal productivity of lobbying
exceeds one. In this case, a boom favours misallocation of talent and may
lead the economy towards full rent-seeking.
Our analysis here leaves some questions unanswered. The model does not
explain why the fiscal authorities are influenced by rent-seekers but not by pro-
ducers. It does explain that the power for extraction of fiscal transfers comes from
being organized. It does not elaborate, however, why rent-seekers get politically
organized and producers do not.
We treat, in this approach, lobbying as a 'black box'. In other words, our ex-
planation of lobbying and political influence lacks a precise model of the process
whereby rent-seekers get politically organized and producers do not. The 'fiscal
authority' and the process of policy choice is also a black box. Lacking a struc-
tural model to drive the policy outcome on the ground of agents' preferences,
we cannot answer these questions properly. We believe however that our simple
approach, by abstracting from an active fiscal policy, succeeds in shedding light
on some of the aspects of the economies we are concerned about.
Our treatment of the influence function is mostly taken from Becker's major
work where competition among political pressure groups provides a positive ex-
planation of political choices. This has been evaluated by Laffont(2001, pp.6-1O)
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as a "demand-determined political equilibrium" which leaves "the supply side of
political favors" unmodeled. Applying the "fundamental modeling of informa-
tion" to "open the black box of the supply side", may therefore be fruitful in
unveiling some aspects of the booming economies that are not covered in this
study.
In our model, we implicitly assume that occupational choice is reversible.
By this assumption we deliberately abstract from the dynamics of the economy
when it converges to the equilibrium. Acemoglu(1995) in his dynamic setting,
assumes that occupational choice is not reversible. By taking a constant and
common rate of birth and death, he makes room for skill accumulation where the
current holders of the inferior profession gradually die and the newcomers choose
an activity that pays more. This defines a constant rate of adjustment for the
economy and convergence toward its equilibrium.
The underlying structure, however, can support some of the dynamic fea-
tures of diversion of human resources and their implied costs. Following the
seminal work of Thllock(1967), income transfers lead people to employ resources
in attempting to obtain such transfers. This encourages individuals to learn
and accumulate skills that are essential for rent-seeking. In Acemoglu(1995)'s
words "choosing a career is a commitment to hold an asset for the rest of one's
life." The environment where individuals accumulate skills, according to Hall
and Jones(1997), is an important part of the explanation of the large differences
in economic levels across countries.
Hence, when the reward structure favours diversion, the types of skills that
individuals accumulate would be those that maximize their productivity in rent-
seeking, instead of skills that would increase the productive capacity of the econ-
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amy. In these situations "investment in capital, skills and new ideas is reduced
by the threat of diversion. Moreover, some of the investment that does take place
is devoted to increasing the effectiveness of diversion instead of the effectiveness
of production." (Hall and Jones 1997, p.175) This is why some countries invest
so much less than others.
To make the social climate favourable for production, two elements are pro-
posed in the literature. Firstly, people should be taught about the social cost of
rent-seeking(Hall and Jones, 1999); society should be armed with an anti-rent-
seeking ideology (Murphyet al., 1993) to facilitate the required cultural change
(Baumol, 1990).
The second element is changing the rules to offset undesired institutional
influences (Baumol, 1990); raising productivity of production (Murphy et al.,
1993) and protecting it by a credible treat of punishment (Hall and Jones, 1999).
In line with Acemoglu(1995), our study shows that when the reward structure
and the allocation of talent are endogenous and jointly determined, a policy
addressing the diversion of human resources is not easy to implement. For an
economy which gets trapped in an equilibrium with acute rent-seeking, the policy
should aim to influence the reward structure to make rent-seeking less attractive,
raise the productivity of production and protect innovators from predation.
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Chapter 3
Transitional Dynamics of the
Lucas-type Growth Models
The steady state is not a bad place for the theory of growth to start,
but may be a dangerous place for it to end.
Solow{1970,p.7)
3.1 Introduction
Multi-sector endogenous growth models have received great attention in recent
years, though, due to intractability, the dynamics of these models are not yet
well understood. Because they initially proved to be intractable, "much of the
analysis was restricted to balanced-growth paths ..., or to analyzing transitional
dynamics using numerical simulation methods." Thrnovsky(2000, p.502)
It is quite common to abstract from transitional dynamics, by assuming that
the steady state growth path can be reached instantaneously; Barro and Sala-i-
Martin{1995, eh. 6 and 7) and Aghion and Howitt{1998, ch.5). This, from an
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analytical standpoint, provides a great deal of convenience. It makes the analysis
so tractable and in some situations approximates the reality quite well. Moreover,
by taking advantage of this simplification, "problems such as time consistency of
the optimal policy do not arise." Turnovsky(p.487)
The convenience, however, comes at some costs. The steady state analysis
describes a situation which is never attainable in finite time. Quantitative anal-
ysis shows that the actual economies move approximately 4% of their remaining
distance toward their steady state each year; Romer(2001, sec. 1.5). They spend
most of their time, therefore, on the transition rather than their steady state
paths. The argument that all the variables in the economy grow at their long-
run growth rates, may therefore be misleading in some situations. Furthermore,
this analysis does not allow for the model to accommodate policy changes and
other shocks that are continually occurring. It is therefore important to extend
the growth models, where necessary, to allow for the coexistence of both steady
state and transitional paths.
Most of the studies that do not restrict their analysis to steady state, either
tackle the transitional dynamics by numerical methods; Mulligan and Sala-i-
Martin(1993), or approximate the original dynamics by the behaviour of the
linearized system around the steady state; Bond et al.(1996). The current study,
instead, is not restricted to the vicinity of the steady state. Our treatment is
also based merely on analytical methods.
We examine the transitional dynamics of a two-sector endogenous growth
model in the tradition of Lucas(1988). We focus on the dynamics of consump-
tion, physical capital and output growth. Although investigating the transitional
dynamics along the whole off-balanced path is not in general tractable, we show
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that the Lucas assumption, by which only one type of capital is allocated across
both sectors, allowsus to fully explore the dynamics of consumption and physical
capital along the transition path. The dynamics of output growth, however is
only identified around the steady state, unless one allows for a very low degree
of consumption smoothing, which enables us to specify the global dynamics of
output growth too.
We argue that the exposition outlined in this Chapter is fruitful both from
theoretical and applied standpoints. We contrast our findings with those of Ca-
balle and Santos(1993) and show that the dynamics of consumption and physical
capital in the Lucas model differs from that of Ramsey. We also demonstrate the
novelty of this study with respect to those of Mulligan and Sala-i-Martin(1993)
and Barra and Sala-i-Martin(1995, sec. 5.2.2).
According to our findings, in a Lucas economy, with a high enough ratio
of physical to human capital, both consumption and physical capital fall along
their off-balanced paths. They decline for a finite period and then rise on their
transition, toward the steady state. When the output-capital ratio is far short
of its steady state and consumption smoothing is strong enough, four episodes
occur during transition. First, both consumption and physical capital fall. Next
consumption rises but physical capital still decumulates. In the third phase, both
variables rise with different rates and finally, at the steady state they grow at a
common and constant rate. The time profile of consumption and physical capital
is therefore U-shaped, where the minimum of physical capital lags behind those
of consumption. A numerical exercise suggests that the falling period is not very
far from the vicinity of the steady state.
The second stage, in which consumption and physical capital movein opposite
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directions, distinguishes the Lucas-type models from that of Ramsey. In the
exogenous growth regime where the Lucas model reproduces the dynamics of the
Ramsey, this stage disappears and consumption and physical capital move in a
parallel fashion along their If-shaped paths. In the paradoxical regime, in which
agents are very impatient, however, in the second stage, the fall of consumption
coincides with a rise in physical capital while the other stages are repeated in the
same manner.
Our study also accounts for two different patterns for the local dynamics
of output growth in the locality of the steady state. Besides a symmetric U-
shaped form, identified by Barro and Sala-i-Martin(1995, sec.5.2), we introduce
another pattern where output growth is increasing in the output-capital ratio.
The latter pattern, in the exogenous and paradoxical regimes, is valid along the
whole transition path.
In the R&D-based endogenous growth models, accumulation of knowledge
through innovation, plays the same role as the human capital development in
the Lucas setting. Regardless of their different microfoundations, the two groups
of human capital and R&D-based models, share the same reduced form in the
context of optimal growth theory, so long as they are subject to the Lucas as-
sumption by which one sector specializes in only one type of capital. This implies
that our results are applicable to the R&D-based models too. This includes the
expanding variety model of Romer and the creative destruction model of Aghion
and Howitt.
Barro and Sala-i-Martin(1995, sec. 5.2.2) show that the imbalance between
physical and human capital is one of the main forces that governs the dynamics
of the Lucas model. Moreover consumption and physical capital respond in an
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asymmetric fashion to the extent of this imbalance. Based on this result, we apply
our findings to rationalize the growth failure of oil economies. According to our
empirical observations, we find an association between oil abundance and the
extent of imbalance between physical and human capital in favour of the former.
Vsing this, our results on the V-shaped path of consumption and physical capital,
justify the high but unsustained levels of consumption and physical capital in
oil economies. In addition, we offer a partial explanation for the poor growth
performance of these economies and the adverse growth effect of oil booms.
Caballe and Santos(1993) show that in a Lucas economy, in reaction to a
sudden increase in physical capital, consumption may grow at a higher rate
than the investment itself. We relate this findings to account for the voracity
effect, introduced in section 2.6.2, in a representative-agent framework.
Another application of the V-shaped path of consumption and physical cap-
ital, is to contrast two notions of optimality and sustainability in Lucas-type
growth models in a concrete way. Optimality, according to this argument, may
depart from sustainability along the transition path though growth is sustained
at the steady state.
The plan of the Chapter is as follows. We present the benchmark model of
a Lucas economy in section 3.2. This is followed by exploring the dynamics of
consumption and physical capital in section 3.3 and local dynamics of the output
growth in section 3.4. Sections 3.5 and 3.6 examine the validity of our findings
when the model is extended to the cases where consumption smoothing is not
strong and there is an externality from human capital accumulation respectively.
We then present some of the applications of our findings in sections 3.7 and 3.8.
The concluding remarks are presented at the final section.
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3.2 The model
3.2.1 Specification
We present in this section a two-sector endogenous growth model in the Lucas
tradition. In the Lucas model, labour in efficiency units, is reproduced in an
unbounded fashion through education. Preferences are isoelastic, technology of
output product is Cobb-Douglas and neither physical nor human capital are
subject to depreciation. Population grows at an exogenous rate. There exists
an external effect from the social stock of human capital to the productivity of
individual agents and, according to a crucial assumption, education depends only
on the human capital and the allocation of time between working and schooling.
In other words, human capital is the only asset to be allocated across sectors.
Lucas only considers the balanced growth path, along which all level variables
grow at a constant rate.
As a benchmark model to begin with, we abstract from externalities from
human capital accumulation. We also assume that population does not grow.
Because the decentralized version of the model, in the absence of externality and
other distortions, may be replicated through the planner's optimal solution, we
shall limit without loss of generality our analysis to the planner's problem. In this
regard our model is close to those of Barra and Sala-i-Martin(1995, sec. 5.2.2)
and Arnold(2000).
Consider an economy with constant population normalized to one. The oh-
jective of the planner is to maximize intertemporal isoelastic utility of the repre-
sentative agent
(3.1)
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where C(t} denotes consumption, p > 0 is the discount rate, and 1/(7 > 0 is the
intertemporal elasticity of consumption.
Output is determined by the Cobb-Douglass technology
(3.2)
where K is physical capital, H denotes human capital, u E [0,1] is the amount of
effort devoted to production of the final output, and a E (0,1) is the elasticity of
output with respect to the physical capital. The final good is consumed, invested
to accumulate physical capital or to replace depreciated old capital. Hence
K=Y-C-6K. (3.3)
Although in some literature e.g. Bond et al.(1996, p.153) and Thrnovsky(2000,
p.230), disinvestment is feasible, in line with mainstream, we suppose that invest-
ment is irreversible and hence gross investment is nonnegative". This requires
K +6K 2: o.
The representative producer-consumer supplies one unit of labour inelastically
and lives forever. SIhe devotes 1- u fraction of her Ihis effort to the development
of human capital, referred to as education. Then
if = B(1 - u}H - 6H, (3.4)
where B > 0 is the productivity of education. This indicates that development
of human capital only depends on the proportion of time spent on education and
the pre-accumulated human capital. In particular it does not require the units
of final output and hence physical capital. We also assume that both types of
capital depreciate at a common rate2•
lSee Barro and Sala-i-Martin(1995, ch.S) for an extensive discussion on the issue.
2The depreciation of human capital on the individual level reflects depreciation caused by
forgetting. It also reflects the imperfections in the intergenerational transmission of skills.
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3.2.2 Optimalgrowthand the steady state
The central planner chooses level of C and u such that W is maximized subject to
the law of motion of K and H and given values for K(O) and H(O). Two decisions
are made here: the allocation of output between consumption and investment in
physical capital, and the allocation of time between working and education.
An optimal solution for this economy is therefore a path {C(t), K(t), H(t), u(t)}
which maximizes (3.1) subject to the constraints (3.3) and (3.4) and transversal-
ity conditions corresponding to K and H. We firstly concentrate on the steady
state where the growth rates are balanced.
Definition 5 The steady state is a path, along which, C, Y, K and H grow at
constant rates and u remains unchanged.
Lucas shows that in the absence of population growth and externality, all
level variables share a common steady state rate of growth equal to
9 = B(l - it) - 6, (3.5)
where a tilde over a variable refers to its steady state.
It is more convenient therefore to transform the variables into a set of new
variables z == Y/ K and X == C / K that are stationary at the steady state.
These, with u, form fundamentals of the model. A steady state, or balanced
growth path, can then be defined as a situation where z = X = it = 0, so that
consumption and the two types of capital grow at a common rate while the work
effort will be constant.
The problem of optimal growth of the Lucas model, has been solved by Barra
and Sala-i-Martin(1995, sec.5.2), Ortigueira(1998) and Arnold(2000). The dy-
namics of the economy can be expressed by a set of linear growth differential
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equations (see appendix B.2 for details) where for any variable like y, gy == il/Y
denotes its exponential rate of growth and -x = (a - 1)B/a,
gz a -1 0 0 z A
gx. a/a-1 1 0 X (p+o)/a-o (3.6)
gu 0 -1 B u A
In a compact form we have
[gz, gx., gu]T = Mx - [A,(p + 8)/a - 8, -x]T,
where x = [z, X, uf is the vector of fundamentals. Since the matrix of coefficient,
M, has a nonzero determinant, equal to (a - 1)B, it is nonsingular. As a result
there exists a unique steady state defined by3
x =M-I [A, (p + 8)/a - 0, -x]T.
Regarding the properties of the system (3.6), one should note that the model
has a block recursive structure. The dynamics of the output-capital ratio, z is
independent of X and u. Further, the dynamics of the consumption-capital ratio,
X is independent of u. This substantially simplifies the analysis of the transitional
dynamics.
Solving for the steady state value of the fundamental variables, one obtains
z = Bf a,
X = B/a-(B-p-8)/a-8,
u = 1-(B-p-8)/Ba-8/B.
(3.7)
From this, in conjunction with (3.6), one can reproduce Eqs. (5.31) - (5.33)
3See Bond et a1.(1996) on the existence and uniqueness in a general setting.
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of Barro and Sala-i-Martin(1995) as
(gz, gx, guf = M· (z - z,X - X,u - uf. (3.8)
Plugging the steady state value of work effort, u into (3.5) gives the balanced
rate of growth of the economy as
9 = (B - P - b) Ia, (3.9)
Sustainability of the long run growth requires p+8 < B and the transversality
condition corresponding to K implies 9 < B - S, Two requirements are combined
in the following condition.
Condition 5 For the balanced rate of growth to sustain and also to meet the
transversality conditions, one requires
0< B - p - 8 < u(B - b). (3.10)
This is also the sufficient condition for X > 0, and necessary and sufficient
condition for u E (0,1), i.e. for the steady state to be well defined.
The effect of changes in parameters of the model on the steady state values
(z,X, u) and 9 is reported in Mulligan and Sala-i-Martin{1993, table 1).
3.2.3 Local dynamics around the steady state
Local dynamics of the system (3.6) in the vicinity of the steady state (3.7), can
be found by linearizing the system of differential equations around x. This can
be summarized as
x ~ M· (x - x), (3.11)
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where M = [~jJ is a 3 x 3 Jacobian matrix for which we have mij = 'Tnij. Xi and
'Tnij is the entry on i-th row and j-th column of M.
By definition M is lower triangular like M and the eigenvalues, defined by
A(.), coincide with its diagonal entries as
A(M) = { (0 - I)Bla, Bf a - (B - p)la, B - (B - p)la }.
Given (3.10) and the range of parameters of the model, there is only one
negative eigenvalue, A= (0 - 1)B[o, whose magnitude determines the speed of
convergence in the vicinity of the steady state. This shows that (3.11) describes
a one dimensional stable saddle path.
Starting from a given initial value of the average productivity of physical
capital z(O) = zo, the stable dynamic adjustment path is described around the
steady state by
Zt - z - (zo - Z).(zt/zo) exp().t),
Xt - X = V2.{Zt - Z),
Ut - U = V3.(Zt - Z),
or in a compact form
Xt - X = (zo - Z)(zt/zo) . Vexp().t),
where V = (1, V2, V3)T is the eigenvector corresponding to the stable eigenvalue
A, that rules out the unstable paths.
The first equation in (3.6) presents a self contained differential equation for
z which gives
Zt = z.zo [zo - (zo - Z) exp(At)r1 .
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This, for Zo < Z, is logistic while for Zo > Z, it declines exponentially toward z.
Moreover, since there is no restriction on the convergenceof z to z and it attracts
any z > 0, then stability is global rather than local; Arnold(2000).
We summarize our discussions about the optimal model described by Eqs.
(3.1)-(3.4) in the followingstatements:
• There exists a unique steady state that is completely described by known
parameters.
• The steady state is globally saddle stable.
• The speed of convergence, -A = (1 - 0) B/o, depends solely on technical
parameters.
3.2.4 Policy functions and growth regimes
The one-dimensional saddle stable arm can be denoted by the curve
(z, X(z), u(z)) : R+ ~ R~ x [0,1]'
that passes through the steady state, i.e. X(Z) = X, and u(Z) = u. The slope
of the curve at the steady state also distinguishes the stable path from unstable
ones, i.e. x'(Z) = V2, and u'(Z) = V3, where
(1- o/a)_V2 = X _ A X, and (
I-a/a) _
V3 = X _ A u. (3.12)
Since according to Eq. (3.6), the dynamics of consumption and physical
capital only depends on output-capital and consumption-capital ratios, from now
on we only focus on the projection of the saddle path on the (z, X) plane.
Regarding the relative size of Cl and a, three cases are distinguished in the
literature; Caballe and Santos(1993). For the immediate purpose we consider the
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case where et < a which is more interesting in practice. The cases where a :S et
are discussed in section 3.5.
If et < a; the locus X = 0 is upward sloping with slope 1 - et/u > O. For
o :S Zo < z we then have
(p + 8)/u - 8+ (1 - et/u)z < x(z) < X.
Since the locus z = 0 is vertical and stable, for Zo < z (respectively Zo > Z)
, z(t) converges monotonically to z from left ( respective from right). The phase
diagram in this case is depicted in the upper panel of figure 3.1.4
Mulligan and Sala-i-Martin(1993) identify three forces that govern the dy-
namics of the model off the steady state. Without loss of generality consider the
case where Zo < z. This means that the economy is endowed with a relatively
scarce level of human capital and the productivity of physical capital is low.
Firstly, owing to the global stability of the steady state, there exists a con-
vergence mechanism that forces the economy from imbalances between physical
and human capital to the balanced path. This is described by the dynamics of z
alone.
In addition, there are two other forces. Convergence may be supported
through consuming more and investing less in physical capital or via faster ac-
cumulation of human capital by devoting more time to schooling and working
less. The stronger the consumption-smoothing effect, people dislike the former
option. On the other hand, whenH/K is low, the wage rate in the output sector
is high, discouraging agents from schooling by lowering u.
41ncomparison with figure 5.4 of Barra and Sala-i-Martin(1995), this is augmented with the
required details to enable us extracting the transition path of rate of growth of consumption
and physical capital along the whole possible range of output-capital ratio.
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Figure 3.1: Phase diagram of z and X (upper panel) and se and gK (lower panel)
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When the technology of producing the final output is Cobb-Douglas, like the
model at hand, the relative size of the intertemporal elasticity of substitution in
consumption and the share of physical capital, account for the growth regime.
The smaller Cl, the stronger is the second effect. On the other hand, the larger Cl,
the more powerful is the third force. The relative position of these two parameters
determines how these three forces interact and which effect dominates.
If Cl < Cl, the consumption-smoothing effect dominates. Low z corresponds
with low X and u, meaning that the policy functions are upward sloping. In this
case, the transition from relatively high levels of physical capital is accomplished
through more schooling rather than higher saving.
When Cl = Cl, the two forces cancel out and only the convergence effect takes
place. In this case the policy function is horizontal meaning that a constant
proportion of time is devoted to education and the human capital grows at an
exogenous rate. The Lucas model, as a result, replicates the dynamics of the
Ramsey model where education takes the role of exogenous technical progress.
Finally if Cl > Cl, low values of z correspond with high X and u, and policy
functions are downward sloping. In this case, besides the convergence effect,
transition to the steady state is governed mostly by changes in consumption
patterns rather than by working effort. In particular, the dynamics of an economy
starting from Zo < z to the steady state in this regime is accomplished through
less saving rather than supplying more effort.
These three regimes are called the normal, exogenous and paradoxical growth
cases respectively; Caballe and Santos(1993) and Ladron-de-Guerara et. al.
(1997). Although, according to the empirical evidence, the Cobb-Douglas tech-
nology is in favour of the normal case, in a more general setting the numerical
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exercise of Caball€! and Santos do not rule out other possibilities. Condition
(3.10) on the other hand, imposes a lower bound on (J equal to 1 - p/(B - 8).
This further limits the possibility of other cases in the Cobb-Douglas framework.
For the rest of this study we follow the normal case until section 3.5 where other
growth regimes are explored in more detail.
3.3 U-shaped paths of consumption and physical cap-
ital
In this section we fully explore the transition dynamics of consumption and phys-
ical capital.
3.3.1 Dynamics of consumption
Rate of growth of consumption
gc(z) = (az - p - 8)/(J,
mimics the pattern of z along the transition. Since z is defined on the whole
nonnegative real axis, it is possible for Zo to fall short of (p +8)/ a. This implies
gc < 0 and consumption thus falls along the transition. Since z adjusts mono-
tonically to z, z(t) eventually passes its threshold and consumption begins to
rise. In this case consumption exhibits a nonmonotonic time profile. It firstly
declines and reaches its minimum at
and then rises with an increasing rate.
The time path of consumption is different when (p + 8)/ a ::;Zo < z. In this
case, it grows at an increasing rate. Finally when Zo > Z, consumption grows
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along the transition at a decreasing rate. In all cases because of sustainability
of growth, i.e. condition (3.10), gc eventually exceeds zero and approaches its
long-run value on the balanced growth path, 9 > o. The findings are summarized
as follows:
Proposition 13 In the Lucas model, described by Eqs. (3.1)-(3.4), for 0 < a,
the transition of consumption is governed through the following pattern:
(i) Ifzo < (p+8)/0, C(t) falls on 0:::; t:::; tl. It rises with an increasing rate
afterwards. This results in a U-shaped path for consumption whose minimum
equals C(tl). The stronger the consumption smoothing effect, i.e. larger er, the
shallower is the U-path.
(ii) If (p + 8)/0 < Zo < Z, C grows with an increasing rate along the off-
balanced path.
(iii) If Zo > Z, C rises with a decreasing rate along its transition path.
3.3.2 Dynamics of physical capital
The locus X = 0, with a positive intercept, is flatter than the 450 line and crosses
it at z = (p + 8)/0 which by (3.10) is less than z. On the other hand, by (3.7),
X < z. This gives (p + 8)/0 < X < s.
For 0 ::; z < z, X(z) lies between X = 0 and X = X. Moreover according to
the direction of movements in the phase diagram (see figure 1), X(z) is strictly
increasing. This implies
(p + 8) /0 < Z < X + 8, (3.13)
where Z = arg{x(z) = z - 8}. In contrary to the Ramsey model, this indicates
that there are two different thresholds corresponding to consumption and physical
capital in the Lucas framework.
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Let d(z) measures the distant between X(z) and the X = 0 locus, i.e. d(z) ==
X(z) - (1 - O:/o')z + 8 - (p + 8)/0', we have d(z) > 0 for z < i and dei) = 0 (see
the upper panel of figure 1). Simple manipulation gives gK(Z) = ge(z) - d(z).
This implies sx < ge for z < i.
3.3.3 Phases of transition
In general, when the average productivity of physical capital z is far short of
its steady state z, four episodes occur. First, when 0 < z(t) < (p + 8)/0: both
consumption and physical capital fall. During the second episode, when (p +
8)/0: < z(t) < z, consumption rises but physical capital still decumulates, i.e.
gK(Z) < 0 < gc(z). In the third phase, when z < z(t) < z, both variables rise
with different rates, i.e. 0 < gK(Z) < gc(z). Finally, at the steady state they
both grow at a common and constant rate, gK(i) = gc(i) = 9.5 The evolution
of rates of growth of consumption and physical capital as functions of z along
the stable arm is depicted in the lower panel of figure 3.1.
The transitional path of consumption and physical capital in the four episodes
mentioned above are depicted in the panels of figure 3.2. The first and third pan-
els parallel those situations of the Ramsey model where an economy approaches
the steady state from above and below respectively. The lower panel also ad-
dresses endogenous growth in the Lucas model which has no counterpart in the
50ne may wonder to what extent, the possibility of lending and borrowing alters our results
on the dynamics of consumption and physical capital. In the context of models similar to the
one outlined here, when there is no imperfection, caused e.g. by adjustment cost or government
intervention, a paper asset bears the same rate of return as the physical capital. Agents are,
thus, indifferent in holding paper or physical asset. The intertemporal transfer of resources is
therefore governed through the subjective discount rate, p, and consumption smoothing is not
affected by lending and borrowing; Blanchard and Fischer{1989, sec. 2.2).
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Figure 3.2: Phases of transition of consumption and physical capital
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Ramsey model. The second panel, however, highlights one of the distinct features
of transition of C and K in the Lucas model. In this stage, consumption rises
while physical capital falls. We elaborate shortly the differences in the dynamics
of consumption and physical capital in the Lucas and Ramsey model in detail.
Proposition 14 In the Lucas model, described by Eqs. {3.1} - {3.4}, where
o < a, the followings hold.
i} The rate of growth of consumption and physical capital adjust monotonously
toward their common steady state g. They change along their transition paths in
the same direction and increase with the average productivity of physical capital.
During transition, gK(Z) S gc(z) for z S z though as z approaches z, they
become closer to each other.
ii} For Zo < (p + 6)/0, consumption and physical capital display U-shaped
patterns on their transition paths. They fall for a finite period and then rise. In
spite of the Ramsey model, here there are two different thresholds determining
whether consumption and physical capital fall or rise during the adjustment pro-
cess. The minimum of consumption always occurs before that of physical capital,
i.e. argmin{C(t)} < argmin{K(t)}.
iii} According to the sequence of stages of transition, there exists a situation
where a boost in consumption coincides with decumulation of physical capital.
The occurrence of a negative rate of growth on the transition depends on
the size of the initial value of z = (uHI K)l-a which is a measure of imbalance
between physical and human capital relative to its steady state. The more scarce
the level of skills with respect to the equipment and plant, the lower z, and it is
more likely for z to fall behind the thresholds corresponding to C and K result-
ing in their U-shaped path during transition. Hence the falling of consumption
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and physical capital depends heavily on the extent of imbalance between the
two sectors. Furthermore the less productive the technology of human capital
accumulation, the longer is the falling period.
The likelihood of the occurrence of the falling period for an economy which is
subject a the high ratio of physical to human capital depends on the magnitude
of the effective discount rate p + 6 relative to the productivity of education
technology, B on one hand and curvature of the policy function X(z) on the
other. The higher (p + 6)/ B, consumption is more likely to go down during its
transition, making the first stage longer. The flatter the policy function, X(z) on
the other hand, the farther is z from its lower bound, (p + 8) / B and closer it is
to its upper bound, X implying that the second period lasts longer. In addition,
the closer z to z, the longer the third period lasts.
The range of benchmark values of parameters in the literature suggests that
the above mentioned threshold might be close to z. For example the correspond-
ing figure in Mulligan and Sala-i-Martin(1993) and Barro and Sala-i-Martin(1995,
sec. 5.2.2) is respectively 75 and 63.5 percent. This states that consumption and
physical capital might fall even when the economy is quite close to the steady
state.
3.3.4 Numerical simulation
We consult the time elimination method, introduced by Mulligan and Sala-i-
Martin (1993), to solve the system of growth differential equations described by
Eq. (3.6). For this purpose we apply the set of their base line parameters: A = 1,
B = 0.12, a = 0.5, 8 = 0.05, p = 0.04 and a = 2. These give the steady state as
z = 0.24, X = 0.175, it ~ 0.458, and 9 = 1.5%.
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Figure 3.3: Time profile of consumption and physical capital
We solve the system backwards by taking the steady state as the initial
condition while by choosing eigenvector corresponding to the stable eigenvalue
A= -0.12, the solution traces the stable arm in (z, X, u) space. The algorithm
is described in appendix B.I. The results are depicted in figures 3.3 and 3.4.
Figure 3.3 refers to the time profiles of consumption and physical capital
when the average productivity of capital is short of its steady state. The U-
shaped path of consumption and physical capital is apparent from this figure.
.As one can observe, the falling period ofC and K last more than 29 and 37 years
respectively.
The first, second and third episodes occur in periods [0,30), [30,38), [38,67)
respectively. These are depicted in the (C, K) space in figure 3.4 where the curve
bends during the second stage of transition. Our numerical simulation shows
that the findings are valid for a wide range of parameters as long as they are in
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their meaningful ranges and a < (1'.
3.3.5 Overaccumulation of capital in the Ramsey model
Here we briefly compare briefly here our findings with the Ramsey model where
capital exceeds the modified golden rule and both consumption and capital de-
cline monotonically toward their steady state.
The intuition behind falling are similar in the Lucas and Ramsey models,
though they produce different transition paths. In both settings, according to
the Euler equation, consumption falls when marginal productivity of (physical)
capital is short of the effective discount rate. Falling of (physical) capital also,
in both cases, is attributed to the case where consumption exceeds net output.
In the Ramsey model, falling of C and K coincide so that if capital exceeds
the modified golden rule both consumption and capital decline monotonically
toward their steady state. In the Lucas model instead, there are two different
thresholds associated with falling of consumption and physical capital. Moreover
steady state occurs where the rate of growth of the level variables, rather than
their level themselves, are steady.
The cause of decline of C and K in the Lucas model is attributed to the high
ratio of K to H which happens either due to the relative abundance of physical
capital or the shortage of human capital. This measure of sectorial imbalance is
more comprehensive than the mere overaccumulation of capital in the Ramsey
model. Moreover, here the productivity of human capital accumulation is the
key factor that determines, due to the intersectoral imbalances, how long the
economy will stay in the falling period.
Finally, the time profile of consumption and physical capital are nonmono-
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Figure 3.4: Evolution of consumption and physical capital in the (K, C) plane
tonic here. They firstly fall and then gradually rise at an increasing rate. This
happens in the presence of sustainability of growth in the steady state while there
is no endogenous growth in the Ramsey model.
To make the comparison clearer, let us consider a Ramsey economy where
labour grows at an exogenous rate equal to gin (3.9). At the steady state the
Ramsey model reproduces a Lucas economy. Along the transition, consumption
and physical capital comove in the same direction monotonically toward their
steady state path. They both rise when the rate of return exceeds the effective
discount rate, p + 6 and fall when the reverse is the case. This replicates stages
1, 3 and 4 above but can not generate stage 2 in which the rise of consumption
3.5.
coincides with the decline of physical capital. This relates to the scope of section
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3.4 Local dynamics of output growth
Rate of growth of output along the transition path is equal to:
gy(z) = -(A + 8) + az - X(z). (3.14)
This means, gy has no component along the u direction and the isogrowth lines
of Y in (z, X) plane
X(z) = -(A + 8) - gy + oz ,
are those with slope a where gy is the constant rate of output growth across
the line. Moreover, the higher their intercepts the lower is the rate of growth of
output along the isogrowth lines.
The position of isogrowth lines relative to the policy function X(z), determines
the transitional dynamics of output growth. In the vicinity of the steady state,
V2 = (1 - a/a) X/eX - A) gives the slope of the policy function X(z) in the (z, X)
plane. Along the whole transition path however the slope is given by
x'(z)=!= (a/a-l)z+x-p/a+(I-I/a)b.~
Z (a-l)z-A z'
which by mere analytical methods, one cannot decide whether is steeper or flat-
ter than the isogrowth lines. We limit our analysis therefore only to the local
dynamics of output growth.
Concerning the slope of isogrowth lines relative to X(z) in the neighbourhood
of z, four cases can be distinguished:
Case 6 a ~ 1- a/a.
The isogrowth lines are steeper than the X = 0 locus and hence X(z) itself
in this case. They, thus, cross the policy function only once. The lower values
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of X, correspond to the isogrowth lines that lie farther to the left. Since X(z) is
increasing, this introduces a one-to-one relationship between z and sv . implying
that gy (z) is increasing. The position of isogrowth lines in the phase diagram in
this case and also gy(z) is depicted in panels (i) and (ii) of figure 3.5 respectively.
Case 7 V2 < a < 1- a/a.
The isogrowth lines are steeper than X in the vicinity of the steady state,
but flatter than the X = 0 locus here. A smooth enough policy function, is
crossed only twice by an isogrowth line with low enough intercept. In particular,
given the set of parameters, there is a unique z < E such that a = x'(z) and
gy(z) = min{gy(z) : z > O}. This case is depicted in panels (iii) and (iv).
Case 8 V2 = o.
The isogrowth line passing through the (E, X) point, in this case, is tangential
to the policy function. This implies that the rate of growth of output is minimized
at the steady state, i.e. gy(Z) = min{gy(z) : z > O};panels (v) and (vi).
Case 9 V2 > a.
The isogrowth lines are flatter than X(z) in a neighbourhood of the steady
state. Since X is concave in z in the vicinity of E, the isogrowth lines with
sufficiently low intercepts cross it twice. In particular there exists z > E such
that a = x' (z) and gy (z) = min {gy (z) : z > O}. This case is depicted in panels
(vii) and (viii).
Given the parameters of the model (except a), we can characterize the above
cases according to the size of the intertemporal elasticity of consumption. Con-
sidering that for X( z) to be upward sloping, we have assumed a < a, then case
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7 corresponds to a < CT ::; a/{I - a). The condition for case 8, i.e.
I/a - I/CT= 1 - )../x,
defines a quadratic polynomial equation in terms of er in the form aer2 - ba +
(B - P - 6) = 0 where
a = (I:a) (!-c5-B),
b (I:a)(B_p_c5)_B/a+c5.
This has only one root - called (j - greater than a/{I - a).
Hence for er> a/(I- a), gy is U-shaped in z. Its minimum occurs at the left
or right of z, depending on whether CT < (j or CT > (j respectively. We summarize
our findings in the following statement.
Proposition 15 Let 0 < er. Local dynamics of the rate of growth of output in
the vicinity of the steady state depends on the size of the intertemporal elasticity
of consumption. When 0 < CT ::; a/{I - 0), gy is increasing in z, while for
er> 0/(1-0), it is U-shaped. As er increases, the minimum of gy(z) corresponds
with the higher level of z. In particular there exists a unique (j > o/{I - 0) such
that
arg min gy(z) ~ z ¢:::::? er ~ (j
To give an idea of how the size of er classifies the dynamics of gy, we consult
the baseline setting of Mulligan and Sala-i-Martin(1993) where 0 = 0.5, c5 = 0.05,
A = 1, B = 0.12 and p = 0.04. Solving the equation a = V2 for CT, one obtains
(j = 3. Hence for 0.5 < er ::; 1, gy(z) is increasing, while for er > 1, It is U-
shaped. For er = 3, the minimum of gy occurs at z = 0.24, while for CT ~ 3,
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we have argmingy(z) ~ 0.24. In Barro and Sala-i-Martin(1995, p.191), the only
difference in the baseline parameters are p = 0.02 and B = 0.11. This gives
i = 0.22 and (j = 3.3. Hence still for (J > 1, gy is Ll-shaped but we have
argmingy(z) 5 0.22 ¢:} (J 5 3.3.
The above analysis clarifies the ambiguity of the dynamics of gy, stated by
Barro and Sala-i-Martin. It identifies the case where gy(z) is increasing as a new
regime that has not been addressed in the literature. Moreover it delivers the
V-shaped feature of gy in a clearer way by means of analytical methods.
3.5 Exogenous and Paradoxical regimes
In the exogenous growth regime, i.e. when a = (J, convergence of Zo toward z is
the only governing force of the dynamics of the economy. The X = 0 locus, in
this case, is horizontal meaning that,
x( z) = X = (p + 8) / a - 8, for z > o.
This, by the third equation in (3.8) implies u(z) = u for all values of z too. The
transition path, thus, is a horizontal curve parallel to the z axis:
(z p + 8 _ 8 1 _ B - p - 8 _ i)
'a ' Ba B·
The Lucas model, in the exogenous regime replicates dynamics of the Ramsey
model where human capital development acts like an exogenous technological
progress. The production function (3.2), reduces in this case to
Yt = aexp [g(1 - a) tj· Kf,
The main difference with the Ramsey model, in this case, is that the rate of
technological progress is determined by the optimal allocation of time between
138
working and schooling." This can be called an endogenous growth prototype of
the Ramsey model.
Two thresholds for falling of G and K, in this case, coincide and the second
stage of transition disappears. Since X is constant, we have gK(Z) = gc(z) for all
values of z, For Zo < (p+8)/0., consumption and physical capital still exhibit U-
shaped profiles along their transition paths. In contrast with the normal regime,
minimums ofG and K now occur at the same time and G(t) and K(t) are parallel.
Using the same approach, one may conclude that in the paradoxical regime,
i.e. where er< a, both X(z) and u(z) are decreasing. The phase diagram in the
(z, X) plane shows that X(z) crosses the 45° line at a point at which z < (p+8)/a.
This means that the threshold for falling of physical capital, Z, in this regime is
less than that of consumption, (p + 8)/ a. As a result, in the second stage falling
of consumption coincides with rising of physical capital while other stages occur
in a similar fashion with the normal regime.
The following proposition summarizes these findings
Proposition 16 In the Lucas model, described by Eqs. (3.1)-(3.4), when the
maryinal productivity of physical capital is suffiCiently low, four stages occur in
transition of consumption and physical capital.
(i) In the first stage both consumption and physical capital fall. Duration of
this stage, when a :c:; er is equal tl = z-l ((p + 8)/0.), while for er < a, this stage
lasts t2 = z-l (argx(z) = z - 8).
(ii) In the second stage, if a < er, the rise of consumption coincides with the
6The model also differs in two other aspects from the Ramsey model. Consumption is limited
to be proportional with physical capital along the whole adjustment period. The consumption
smoothing effect is also weak.
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fall of physical capital whereas for a < et, consumption declines when physical
capital rises. This stage does not exist if a = et. The second stage for et < a
terminates when t = tz- In the case where et > a, it ends when t = tl.
(iii) In the third stage, both consumption and physical capital rise. If et < a ,
consumption grows faster than physical capital while for a < et, the reverse is
true. In the case where a = et, both variables grow at the same rate. Duration
of this stage, for a ~ et is equal (t2, +(0) while for a < et, the time span of the
third stage is equal (tI' +(0).
(iv) Finally, in the fourth stage, both variables grow at their common long
run rates.
Phase diagram reveals that the policy function, X(z) is flatter than the locus
X = 0 in both regimes. One can conclude from the analysis in section 3.5 that,
each isogrowth line crosses the policy function only once. Moreover lower values
of z correspond with higher isogrowth lines associated with lowerrates of growth.
This introduces an increasing transition pass for rate of output growth, gy(z) in
the exogenous and paradoxical regimes which is valid for the whole values of
z > O. This, in a complementary way,extends the region obtained in proposition
15. The advantage of this result is that it unveils the dynamics of output growth,
for the case where a ~ et, in a global rather than local fashion.
Conclusion 8 Let a ~ et. Transitional dynamics of the rate of growth of output
is increasing in z. In other words g~(z) > 0, for z > 0.
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3.6 The effect of human capital externality
Lucas suggests that the accumulation of human capital has an external effect
on productivity of labour. An individual's productivity rises if others are more
productive. He adds, therefore, an external effect for the economy's average level
of human capital, H to the production function (3.2):
(3.15)
The over bar on H indicates that agents take this quantity as given in their
decision. By introducing the externality effect, the competitive equilibrium de-
parts from being necessarily Pareto optimal. For a social planner, H has the
exponent 1 - Q + 'Y because besides its direct effect, she would take into account
that human capital development raises output through externality. In the de-
centralized economy however, the representative agent regards H as a parameter
beyond her decision.
It is the external effect, 'Y > 0 that distinguishes the social valuation of human
capital accumulation from its private valuation. We consider these two cases
separately in an exposition similar to that of Garcia-Castrillo and Sanso(2000).
3.6.1 The decentralized economy
Consider a competitive economy populated with a mass of households; each sup-
plies one unit of labour inelastically at a skill level H. Labour can be employed
in a fraction u in the product market and obtains a wage w per unit of skill
that is taken as given. S/he also devotes a fraction 1 - u of time to education,
improving his skill level in the form expressed in (3.4). The household is also
endowed with a stock of assets K bearing the market interest rate r.
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The income received in the form of labour and capital income is devoted to
consumption, C and gross saving, dK/dt + oK. The budget constraint thus can
be written as
K = wHu+rK - C - SK, (3.16)
where both physical capital and efficiencylabour receive their marginal product:
w = (1 - a)Y/(uH), and r = aY/Ko (3.17)
The problem the representative household faces is to maximize (3.1) subject
to the restrictions (3.4) and (3.16) where K{O) and H(O) are given and the
technology of aggregate production is (3.15). Moreover, since every household
makes the same decision, consistency requires, after optimization, that
H=H. (3.18)
The matrix of coefficientof the system of growth differential equation, (3.6)
in this case is equal to (see appendix B.2)
a-I
a/a - 1
o
o -B,/a
1 0
-1 B{a- ,)/a
where e stands for competitive equilibrium. This, in the absence of externality,
i.e. if, = 0, reduces to M in (3.6).
In comparison with our previous results in sections 3.3 and 3.4, one can see
that Me is no longer triangular and the dynamics of the output-capital ratio is
not self contained. One cannot, therefore, work out the dynamics of the output-
capital ratio and consumption-capital ratio using the phase diagram in the (z, X)
plane. The off-balanced dynamics of consumption and physical capital are no
142
longer tractable. Moreover, since the dynamics of output growth depends on the
amount of work effort, one cannot classify the local dynamics of output growth
in this case either.
3.6.2 The socially optimal path
The optimal path from the social point of view is the solution adopted by a
benevolent planner who takes all relevant information, including externality, into
account. Handling the necessary conditions in a way analogous to that of the case
of the decentralized economy, gives a triangular matrix of coefficient for system
of growth differential equation (3.6) similar to M, except m33 is now replaced by
B + B,/(1 - a) which for, = 0 reduces to M itself. (see appendix B.2)
Now in contrast to the decentralized economy, the dynamics of the output-
capital ratio is selfcontained and the rate of output growth has no component in u
direction. In a similar way as section 3.3, one can now obtain the U-shaped path
of consumption and physical capital. Moreover, the local dynamics of output
growth can be classified in a similar fashion in the (z, X) plane as in section 3.4.
The results are summarized in the followingproposition.
Proposition 17 In the presence of human capital externality, our findings in
sections 3.3-3.5 about the dynamics of consumption, physical capital and output
growth, can only be validated in the centrally planned version of the model and
are not extendable to the decentralized economy.
During the next two sections, we offer two immediate applications of our
findings in sections 3.3-3.5. We postpone the application of the results of section
3.6 to the next chapter.
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3.7 Development failure of oil economies
Sections 3.3 and 3.4 show that a Lucas economy does not react to the relative
shortage of human to physical capital in a symmetric way. An economy which
is relatively affluent in terms of plant and equipment, but whose labour force is
not well educated, is likely to experience a decline in the level of consumption
during its adjustment period to the steady state. This, with a lag, follows with a
situation where investment in physical capital does not cover the depreciation of
old capital leading to the falling of the stock of physical capital too. The asym-
metric macroeconomic effect may also include the dynamics of output growth if
the consumption-smoothing is not strong enough.
The idea outlined here can be applied to the case of oil abundant economies
where an oil windfall induces a bias in their composition of wealth in favour of
physical capital. In the following, we explain how these findings can shed light
on some of the puzzling facts of the oil economies and in particular their growth
collapse.
We also apply the idea of growth regimes, presented in section 3.5, to the effect
of windfall spending on consumption in natural resource economies. We consider
the transitional dynamics of a Lucas economy, that by a sudden increase in the
level of physical capital, is deviated from the steady state. We show that in the
paradoxical case, in which an injection of physical capital into the economy causes
less education and attainment of lower steady state, the voracity effect may take
place. Besides its theoretical contribution, this may explain how deterioration of
the relative scarcity of human capital due to windfall spending is consistent with
a lower steady state.
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3.7.1 Oil economies as outliers
Oil economies are usually treated as outliers in cross country growth comparisons
and excluded from growth regressions; Mankiw et al.(1992). The reason for
doing so is that a substantial part of their recorded GDP, being the result of
the extraction of existing resources, does not represent the value added. This is
why Mankiw et al. argue that "one should not expect standard growth models
to account for measured GDP in ... [oil] countries.". Temple(1995), on the same
grounds, takes the growth record of oil economies as observations that are highly
nonrepresentative of standard growth theories."
The abnormality of growth performance of natural resource economies in
general are examined, amongst all by Sachs and Warner{1995,97,99), Lane and
Tornell(1996), Tornell and Lane(1999) and Auty{1998,99). In oil economies,
obviously a substantial part of GDP is mainly exogenous and represents the
oil cycles rather than the state of the underlying economies and their choice of
policies. What is less obvious is the way in which the non-oil part of GDP reacts
to the oil cycles. Our aim in this section is to analyze one of the channels of
transmission from oil boom to growth rate of the non-oil GDP.
The purpose of the current exposition is not to propose a growth theory
for oil economies, but to rationalize some aspects of the growth record in these
economies that are not well captured in the literature. We address some puzzling
facts in the growth performance of oil economies. Most countries that are rela-
tively rich in natural resources have performed poorly in the cross country growth
contest in recent decades. In addition, two other puzzling facts call for expla-
7Even in accounting for the cross country income differences, Hall and Jones(1999) exclude
the value added of the mining sector to neutralize the level effect of natural resource endowment.
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nation: the slow down of growth in the post-boom era relative to its pre-boom
level and the poor growth performance of mineral (in particular oil) economies
within the whole category of resource-based economies.
3.7.2 The explanations proposed
These phenomena need justification because, by simple economic intuition, ac-
cess to extra resources provides a better opportunity for investment and should
stimulate growth. Five main channels of transmission from natural resource
abundance to growth failure are identified in the literature. These are briefly
described as follows.
Dynamic Dutch disease A resource boom enhances the relative price of
tradeables to nontradeables in favour of the latter and reallocates the factors
of production from the tradeable to the nontradeable sector. If a growth mecha-
nism exists in the tradeable sector, such as learning by doing in manufacturing,
then Dutch disease effects reduce the scope for learning by doing, and hinder the
growth; Sachs and Warner(1995, 99) and Gylfason et al. (1999).
Overaccumulation of capital The idea of capital surplus as a cause of growth
slowdownof natural resource economiesis proposed by Rodriguez and Sachs(1999).
Resource abundant economies in this theory failed in the growth contest because
"they live beyond their means." An economy in the vicinity of its steady state,
by experiencing a high enough resource boom, overshoots its steady state. The
economy hence exercises a level of consumption and capital which is not afford-
able in the absence of resource endowment. In the post-boom era, the economy
suffers from a gradual decline in its level of consumption and capital, presenting
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a negative rate of growth.
Rent Seeking The effect of a resource boom through its effect on the allocation
of human resources is considered by Baland and Francois(2000) and Torvik(2002).
They believe that natural resource economies are vulnerable to rent-seeking. A
resource boom, thus, may change the allocation of talent in favour of rent-seeking.
As a result, effective human capital declines and growth is hampered.
Coordination failure In natural resource economies where powerful pressure
groups have access to the resource rents, it is likely that a more than proportional
redistribution of the windfall take place if there are not institutional barriers
to prevent the claimants from exercising their power for appropriation of the
windfall; Lane and Tornell(1996) and Tornell and Lane(1999).
Neglecting education Gylfason(2001) finds that school enrolment at all lev-
els tends to be inversely related to natural resource abundance. He believes that
natural resource economies, because of confidence in the wealth from the natural
resources, neglect to develop their human resources. He illustrates empirical evi-
dence that resource economies spend less than average on education and justifies
their growth slow down on this ground.f
Our explanation Our treatment here offers an alternative hypothesis, close
to those of Rodriguez and Sachs(1999) and Gylfason(2001), but in a different
theoretical framework and with different conceptual intuition. We believe that
8Stijns(2001) on the contrary argues that mineral wealth has a positive and marked impact
on human capital accumulation. The link between resource abundance and human capital
accumulation, in his study, is positive, running from the former to the latter.
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oil-rich countries grow more slowly because they are likely to suffer from lack of
development of their human capital relative to their stock of plant and equipment.
According to this hypothesis, an oil boom is harmful for growth so long as it
deteriorates the ratio of human to physical capital in favour of the latter.
This is an immediate application of our findings in sections 3.3 and 3.4 where
a high ratio of physical to human capital associates with a low rate of economic
growth if the consumption-smoothing effect is not strong enough. Moreover,
our hypothesis provides an explanation for a high but unsustainable level of
consumption in the post-boom era.
3.7.3 The extent of failure
Some oil abundant economies in the Middle East and North Africa, according
to Summers and Heston(1991)'s calculations, have been at the very bottom of
the growth contest since the first oil shock. The extent of the accumulated per
capita output lost in the 1980s in those countries, are as follows: Iraq (67.8%),
Kuwait (61.5%), Nigeria (42.0%), Saudi Arabia (70.5%), and the United Arab
Emirates (64.0%).
Growth performance of oil economies, in comparison with the world distribu-
tion of rate of growth of real per capita GDP, is illustrated in figure 3.6. As seen
from this figure, some oil economies lie at the very bottom of the distribution
and have displayed the most disappointing records during the 1980s.
To compare the performance of mineral economies and in particular oil ex-
porters with the whole group of natural resource economies, we consult Auty(1999)
who divides the economies according to their levels of GDP into large and small
ones. The results are reported in table 3.1. It can be seen from this table that,
148
(/)
·~5
c:
:::J
o
u
'010
Growth Performance
Cross counrty Comparison, 1980 - 88
20
o ~ ~ I § ~
-8 -5 -3 -2 -1 0 1 2 3 5 8
Rate of Growth of Per Capita GOP
Oil Economies
Figure 3.6: Growth performance of oil economies in comparison with the world
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oil exporters, with the highest per capita income among developing countries,
have substantially slowed down in the growth contest after the first oil shock of
1973.
3.7.4 Other regularities of oil economies
Section 2.2 captures some of the regularities of oil economies. Owing to the theme
of Chapter 2 on rent-seeking, we were selective in highlighting those aspects of
performances of the underlying economies that provides the motivation for the
model we developed there.
Table 3.1. Resource endowment and growth record (developing countries)
Resource PCCDP PC CDP growth (per cent per annum)
Endowment 1970 ($) 1970-3 1974-9 1980-5 1986-93 1970-93
Resource poor:
Large 196 2.8 4.9 3.1 3.5 3.7
Small 343 3.1 4.1 0.7 1.7 2.1
Resource rich:
Large 574 0.1 -0.2 0.1 0.0 0.0
Non-mineral 250 2.0 1.7 -0.7 0.2 0.5
Hard-mineral 304 2.2 0.2 -1.8 -0.8 -0.4
Oil exporter 831 6.5 1.4 -1.7 -0.6 -1.0
All Countries 362 2.7 2.0 -0.5 0.6 0.8
Source: Auty(1999)
Here we are concern about another aspect of the economies at hand: the
extent of imbalance between human and physical capital. To have a comparable
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measure of cross country distribution of physical and human capital, we consult
Benhabib and Spigel(1994) and Barra and Lee(2000) respectively. The former
provides a consistent measure of physical capital for the years 1965 and 1985. In
the latter study, the mean years of schooling in the total population over fifteen
are reported, which is taken here as a proxy for human capital.
Armed with these data, the world distribution of physical and human capital
is depicted in figures 3.7 and 3.8 respectively. What is apparent from figure 3.7
is that the distribution of physical capital among oil economies is left skewed in
comparison with other countries.
Figure 3.8, reveals a different picture where the economies under question are
densely located among the countries that have failed to enhance their level of
human capital. Both graphs refer to 1985, when the world had experienced the
first and second oil shocks, described as "one of the most remarkable international
resource transfers in history" (Karl, 1997, p.25). One can conclude from these
pictures that the oil producing economies have extensively gained from physical
capital deepening, but failed to develop their human capital accordingly.
To have a comparable measure, we take the ratio of mean years of schooling to
the (logarithm of) per capita stock of physical capital as an indicator of imbalance
between physical and human capital''. Figure 3.9 illustrates the scatter diagram
of 75 countries, whose logarithm of real per capita physical capital in 1985exceeds
7.5 US dollars and for which data for both measures of capital were available.
9To measure human capital across countries, Hall and Jones(1999) assume that human cap-
ital in country i, Hi takes the form e4>(E,) Li, where L, and E, are the number of workers and
their average years of schooling in country i respectively and IjJ is a piecewise linear increasing
function. According to this assumption, the logarithm of physical capital is a more consistent
measure to be compared with the mean years of schooling.
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The upward sloping continuous line displays the moving average which can be
interpreted as the expected level of human capital for a given level of physical
capital.
As one observes from this graph, all oil economies (except Norway) are located
below the average line. Furthermore most of oil abundant economies, i.e. Nigeria
(NGA), Iran (IRN), Algeria (DZA), Iraq (IRQ), Saudi Arabia (SAU) and Kuwait
(KWT) lie at the very bottom of the diagram. This reveals one of the regularities
of oil-abundant economies that is not well covered in the literature. Given the
stock of physical capital in oil abundant economies, their actual human capital is
far below the expected level. We link this fact with the poor growth performance
of the underlying economies.l''
Some features of oil economies, documented in Gelb(1988), Karl(1997) and
Amuzegar(1999), rationalize their low level of human to physical capital. They
are, among many, as follows:
1. Plant and equipment can be more easily imported and implemented. Hu-
man capital accumulation on the other hand, takes time.
2. By having extra money, an economy can purchase the required hardware,
but skill acquisition requires other resources too.
3. There is a tendency among oil economies to spend windfalls quickly and
in an observable way. According to Gelb's investigations, the bulk of oil
windfalls have been allocated in gigantic low yield projects.
lOThis accords the World Bank's computations in which, among 12 main regions, the Middle
East with fourth rank in terms of per capita wealth, has the lowest share of human resources
and the highest share of natural capital; Auty(1998, table 4).
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Referring to the imbalance between physical and human capital, the theory
we are proposing is proved to be able to justify the adverse effect of an oil boom
on economic growth and also a temporary boost in consumption and physical
capital in the oil economies. It is also consistent with the asymmetric impact of
the imbalance effect on the dynamics of the economy, high levels of capital-output
ratio in the economies under question, and finally the positive income effect of
oil endowment in general and oil booms in particular.
3.7.5 Macroeconomic effects of oil abundance
The following regularities of oil economies have been identified so far:
1. There exists an strong association between oil abundance and the imbalance
between physical and human capital.
2. Oil abundance corresponds with a high but unsustainable level of income
and consumption.
3. Oil abundance is associated with a positive income but negative growth
effect.
This part of study lays out an explanation for the second and third facts on
the basis of the first observation. In order to do so, in the framework of a Lucas
economy, we take the flow of natural resource as a catalyst for consumption
and investment in physical capital. This assumption is consistent with those
observations of Gelb(1988) and Gylfason(2001) that oil economies have spent
the windfalls mostly on investment projects and neglected education.
In the framework of a Lucas economy described in section 3.2, we suppose
that the economy stays at the steady state when it receives a windfall in terms of
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an oil boom. The windfall is available in units of final output which, according
to Eq. (3.3), is either consumed or invested in physical capital.
Endowment of natural resources provides a new source of income for the
producing economies which is expected to have both level and growth effects. To
be more specific, we consider only the effect of a resource boom that is treated
as an unexpected gift of nature to the economy, in GDP units, lasting only for a
finite period.
As long as the boom has not occurred, the dynamics of the economy is de-
termined along the lines specified in sections 3.3 and 3.4. When an unexpected
boom occurs people realize that they have been offered a new and temporary
source of wealth.
Both the magnitude and duration of the boom are assumed certain and com-
mon knowledge. In a perfect foresight environment, two sets of time profiles for
the variables of the model should be identified, one in the absence of the boom
and another when the boom is present. We call these, non-boom and booming
situations respectively.
We treat the transitory effect of a resource boom similarly to a temporary
reduction of government expenditure in the Ramsey model; Romer(200l, ch.2).
A temporary injection of resources into the economy accordingly brings about a
temporary boost in consumption in a static fashion. Its dynamic effect, however,
acts through the intertemporal consumption decision of agents who perceive the
boom as temporary. To offset the arbitrage between a high level of current
consumption with a low level of future consumption, the interest rate should fall.
This governs the dynamics of the economy in the post-boom era so long as the
after-effects of the boom last.
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Figure 3.10: The transitional path of z and X in a booming economy
The transition path of the booming economy, in context of the model de-
scribed in section 3.2, in (z, X, u) space is depicted in figure 3.10. If the windfall
had lasted forever, it would have made it possible for the economy to attain a
higher transitory path leading to a higher steady state. This was not however the
case in our study because the resource is nonrenewable and we are only concerned
about the effect of a resource boom rather than its mere endowment. Hence the
higher saddle path only gives a reference for governing the divergent path of a
distorted system as the result of the boom.
Suppose the economy initially stays at the steady state denoted by A in figure
3.10 with z = z, X = X and u = u where an unexpected boom occurs. By bringing
a new source of income with certain size and duration, the boom causes an excess
supply in the product market. It partially boosts consumption and investment
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in physical capital. The shorter it lasts, the stronger is its dynamic effect acting
through the latter element. In particular, a permanent boom has no dynamic
effect and only boosts consumption instantaneously in a one-to-one fashion. The
lesser the duration of the boom in people's perception, the more they raise their
savings and increase the share of their investments.
Further physical capital deepening reduces the interest rate. In a Cobb-
Douglas world where the marginal and average productivity of physical capital
are proportional, this is equivalent with falling of z. Along the divergent path of
the booming economy z, X and u fall until their path crosses the stable saddle
path of the non-booming economy. This is the main mechanism through which
the transitory effect of a boom operates.
This is explained through three stages. In the first stage, the boom has no
immediate effect on z and only boosts consumption instantaneously. As a result,
the economy jumps from A to B where Zl = Z, Xl > X and UI = ii, with Xl - X
is increasing in both size and duration of the boom. If the boom had lasted
forever, the economy would have experienced a discrete jump from non-boom
saddle path to the booming one. The boom is, however, temporary and the
resources are further exhaustible.
At state B, the representative consumer enjoys a high level of consumption.
She realizes however that this does not last for a long time. To make her satisfied
with a high current level of consumption in the face of a low level when the boom
terminates, the interest rate should faUll. By a gradual decline in the interest
rate, the economy moves, in the second stage, along the divergent path from
B to C where Z2 < Z, X2 < X and U2 < U. This implies a gradual decline in
11The stronger the willingness for consumption smoothing, i.e. the larger 17, the moreeffective
is this tendency.
159
.............., "
" " ••..•.
\.
Figure 3.11: Transitory effect of an oil boom on consumption and physical capital
consumption and work effort.12 In this stage, one can say that the economy lives
beyond its means because it exercises levels of consumption that, in the absence
of oil rent, are not affordable.13
In the third stage, the economy finally moves along the non-booming saddle
path toward the steady state from point C.
The boom has a transitory effect on consumption and physical capital. The
effect is depicted in figures 3.11. Since consumption and physical capital fall and
then rise during their transition path, an oil boom with a large enough magnitude
or short enough duration displaces the economy from the right branch of U-
boost in consumption.
shaped consumption to its left branch. This justifies a high but unsustainable
To extend our explanation to the growth effect of resource booms, we rely
on our findings in section 3.4. One should bear in mind that the increasing path
12Assuming Q < (7, both policy functions are increasing in z.
13This part of reasoning shares similar logic with Rodriguez and Sachs(1999).
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of the output growth in the ratio of human to physical capital is valid only for
low enough value of (J, i.e. the case where consumption-smoothing effect is not
strong.
In an oil economy whose inhabitants are not patient enough, an oil boom
lowers the rate of economic growth. This negative growth effect mitigates the
positive income effect of boom, meaning that, in the long run "what makes [a
country] poor is her wealth." Karl(1997, p.45) The effect on output growth of
boom is illustrated in figure 3.12.
3.1.6 Windfalls spending and the voracity effect
The analysis that has been carried out shows that receiving a windfall, in terms
of a sudden increase in the stock of physical capital, introduces a disequilibrium
into the product market and affects the ratio of human to physical capital in
favour of the latter. This shock, in a Lucas economy, is equivalent to a situation
where the output-capital ratio, z is short of its steady state. The larger the
extent of displacement, the higher is the magnitude of the boom and/or the
shorter perceived its duration.
Caballe and Santos(1993, theorem 3) shows that the extent of rise in con-
sumption, in reaction to a sudden increase in physical capital, is different in
different regimes. The elasticity of consumption with respect to physical capi-
tal at the steady state is less than, greater than or equal to one in the normal,
paradoxical and exogenous cases respectively.
In the normal case, the booming economy reacts to a sudden increase in the
physical capital by faster accumulation of human capital. This leads the economy
to a higher steady state. Consumption increases less rapidly than the size of the
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Figure 3.12: Growth effect of an oil boom along transitory path
physical capital increment in this regime.
In the exogenous case, the consumption-capital ratio is constant implying
that the boost in consumption is proportional to the size of the windfall.
Finally, in the paradoxical case, people react to a physical capital shock by
more consumption and less saving. The wage rate in the booming economy
is high enough to discourage people from allocating more time to schooling.
Consumption as a result, grows more rapidly than the size of windfall itself.
The transitory effect of a boom in the normal case was examined in sub-
section 3.7.5. This accommodates the case, a < Cl < a/(1 - a) where the
consumption-smoothing effect exists but is not strong enough. In that case, the
one-to-one association between the output-capital ratio and the rate of output
growth around the steady state, provides a justification for the adverse growth
effect of a resource boom.
We want now to extend the analysis one step further to include an economy
whose inhabitants are very impatient. Along this line, we link the transitional
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dynamics of the Lucas economy in the paradoxical regime, i.e. when a < a, to
the voracity effect by which an economy, enjoying a windfall, may experience a
boost in the level of consumption even higher than the size of the windfall itself.
Our treatment offers some new elements to the literature on the voracity
effect. Firstly Tornell and Lane argue that when the voracity effect appears, the
representative-agent models have no predictive power. To address the issue they
believe that "we need more than one group to analyze redistribution." (Tornell
and Lane, 1999, p. 24)
The current study shows that the voracity effect can be addressed even with-
out the complication that arises from interaction among multiple groups in a
non-cooperative manner. To generate the voracity effect therefore we do not
necessarily need to address the redistribution among agents and go beyond the
representative-agent framework.
Another contribution is to bridge the voracity and consumption-smoothing
effects. Although the issue has been addressed in some extent by Lane and
Tornell, the link is not clear enough. In their words: "when the elasticity of
intertemporal substitution is sufficiently high, ... the aggregate appropriation
rate increases more than the rate of return." (Lane and Tornell 1996, p.214)
As a necessary condition for the voracity effect to operate, they find an upper
bound for a which varies between half and one; (proposition 2, p. 227). We offer
instead a < 1 as the upper bound. Moreover, we show that a < a gives the
necessary and sufficient condition for the appearance of the voracity effect.
Our treatment of the voracity effect here, accords with Tornell and Lane(1998) 's
view that "the existence of the voracity effect does not allow the smoothing effect
to operate." (p. 103) By providing a threshold for the effectiveness of the effect,
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we further introduces the voracity as an extreme case of being impatient.
The existence of multiple groups who, because of the access to a common
capital stock, consume excessively, is at the very heart of the Tornell-Lane mod-
els. By relying on the Caballe-Santos' result, we disjoint these two phenomena.
Excessive consumption, implied merely by lack of consumption smoothing, may
cause the voracity effect even if we abstract from open access and coordination
failure. The effect, thus, is also reproducible in a representative-agent frame-
work. This obviously shifts the focus from institutional side of the economy to
the preferences.
Having examined the working of the model in the presence of the voracity
effect, one may want to examine how far the extension of the basic Lucas model
along different directions, affects the likelihood of the paradoxical regime and the
appearance of the voracity effect.
Along the two lines of extension of the Lucas model in the Ladron de Guevara
et al.(1997), one learns that, although the inclusion of leisure activities in the time
allocation problem raises the likelihood of the paradoxical regime, the case is less
likely if physical capital acts as an input to the educational sector.
Ortigueira(1998) also attempts to generalize the basic Lucas model along
two lines which include the case of physical capital in the educational sector
and leisure as an additional argument in the utility function. He shows that
capital income taxation raises the likelihood of the paradoxical case. Alonso-
Carrera(2000) also analyzes the dynamic effect of the subsidy to human capital
investment. He shows that the presence of the subsidy makes the paradoxical case
empirically less relevant and hence lowers the likelihood of the voracity effect.
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3.8 Sustainability revisited
This section challenges the consistency of the two concepts of endogenous growth
and sustainable development. In the light of our findings in section 3.3, we ex-
amine how, in the coexistence of steady state and transitional dynamics, the two
concepts may diverge.
In practice, sustainability may be simply defined as a non-declining level of
well-being across time. This can be examined according to the flow-based or
stock-based measures where real per capita consumption and physical capital are
two well known indicators for the former and latter respectively; Hanley(2000).
In the view of modern growth theorists, sustainability of growth is the central
question to which endogenous growth theory is addressed; Aghion and Howitt(1998,
ch.5). There is a debate, however, among economists about the relation between
optimality and sustainability. According to Anand and Sen(1995), "there is no
general presumption that sustainability will be implied by optimality in models
of intertemporal allocation." (p.5) Also "optimality and sustainability are logi-
cally distinct criteria of development. One can not be deduced from the other as
a necessary consequence." (p.36)
Dasgupta(1994) on the other hand believes that sustainable development is
almost exactly what has been analyzed for decades now in the literature on
optimal growth theory.
A Lucas-type endogenous growth model, as explained in section 3.2, exhibits
an optimal steady state in which growth is sustainable and output, consumption,
physical and human capital all grow with a positive and common rate. This
achievement reconciles two logically independent concepts of optimal growth and
sustainable development.
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In line with Solow(1970) who believes that "the steady state is not a bad
place for the theory of growth to start, but may be a dangerous place for it to
end."(p.7), we argue that the above picture is not complete as the dynamics of
transition path has been overshadowed by the steady state. To understand the
relation between optimality and sustainability, the transition path is as important
as the steady state.
Our findings in section 3.3 show that in the Lucas model, in which the long-
run growth is sustainable, under certain circumstances it is optimal for con-
sumption and physical capital to display a negative rate of growth along the
transition path. This means that although income, consumption, physical and
human capital eventually grow at a common and positive rate, both consump-
tion and physical capital might fall during their transition period implying that
sustainability is violated during transition. Hence, although endogenous growth
theory reconciles optimality and sustainability as two different criteria that a de-
sirable path of development should meet, when transition is taken into account
the two issues are still in conflict. This happens in a first best economy that is
subject to an initial imbalance between its stock of machinery and equipment on
one hand and its accumulated skills on the other hand. The main message, thus,
is to point out the importance of the transition period in multi-sector endogenous
growth models.
Optimal growth theory - as initiated by Ramsey - is an efficiency issue and
the Maximum Principle as an established method, fulfils this task very well. Sus-
tainability on the other hand is a matter of equity rather than efficiency. "It is
possible", Krautkraemer{1998, p.2098) argues "that a nondecreasing utility con-
straint forces the economy onto a path that is not Pareto-efficient." Although
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Solow(1974) in a very specific environment, shows the existence of a path that at-
tains the highest feasible level of constant consumption and satisfies the efficiency
criteria well, but obviously two concepts of efficiency and equity do not mutually
coincide in the general framework of intertemporal allocation of resources. The
former looks for an optimal path that maximizes the present value of instanta-
neous utility of consumption as a welfare criteria, while the latter is concerned
with the non-declining path of consumption, income and physical capital.
Endogenous growth theory provides situations where the optimal growth path
is sustainable. The analysis of transitional dynamics is overwhelmed, however,
in the literature. This in the case where the rate of convergence is low and/or
the economy is far away from its steady state is misleading. Although, thanks
to endogenous growth theory, two notions were reconciled in the steady state,
there exist situations where optimality criteria departs from sustainability when
the optimal path of consumption and physical capital falls over time.
The falling period might also take a long time if the productivity of skill
acquisition is sufficiently low and if the stock of human capital is very scarce in
relative terms. This happens in the framework of an endogenous growth model
where the long-run growth is sustained forever implying that consumption and
physical capital eventually rise along their transition paths. The next chapter
deals with this issue in more detail where another dimension of sustainability,
i.e. the availability of nonrenewable resources, is added to the picture.
3.9 Conclusion
The key assumption in the Lucas model, that education depends only on the pre-
accumulated stock of human capital and the amount of time devoted to learning,
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identifies a cluster of multi-sector endogenous growth models where only one
type of capital is used across other sector(s). Within this class we explore the
transitional dynamics of consumption, physical capital and output growth.
1. Dynamics of consumption and physical capital reveals the followingresults:
(a) When human capital is relatively scarce, consumption and physical
capital may exhibit U-shaped trends during their convergence paths
toward their steady states. They firstly fall for a finite period and
then rise toward their balanced growth paths.
(b) The sequence offalling and rising of consumption and physical capital
do not match. There exists situations where the rise of consumption
coincides with the fall of capital and vice versa. This distinguishes the
dynamics of the Lucas-type growth models from overaccumulation of
capital in the Ramsey economy. Moreover, the sequence of stages in
two models differ.
(c) Rates of growth of consumption and physical capital, like the Ramsey
model, move in the same direction during the transition, albeit their
signs do not change at the same time.
(d) Imposing the baseline parameters, one can observe that falling period
does happen over a reasonably long period of time.
(e) The existence of a falling stage in the transition paths of consump-
tion and physical capital shows that in an economy that meets the
sustainability condition, proposed in endogenous growth models, con-
sumption and physical capital may fall along an optimal path violating
the sustainabilty along the transition path.
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2. We also characterize dynamics of the growth rate of output, based on the
size of the intertemporal elasticity of consumption. This obtains the fol-
lowing results:
(a) The U-shaped pattern of output growth, found in other studies by
numerical methods, is only valid for the lowand moderate values of the
intertemporal elasticity of substitution. When current consumption
is a good substitute for future consumption, the output growth is
increasing in the ratio of physical to human capital.
(b) For an economy whose inhabitants do not have a high degree of con-
sumption smoothing, the relative abundance of physical capital coin-
cides with a low rate of growth of the economy. In that situation, the
idea presented here lays out an intuitive explanation of poor growth
performance of economies that are affluent in terms of the physical
assets but have not accumulated a sufficient level of required skills.
3. We apply our findings, on asymmetric effect of unbalanced capital in the
Lucas-type growth models, to growth failure of oil economies. This gives
the followingresults:
(a) Oil economies, and in particular those located in the MENA region,
are subject to lowratios of human to physical capital. They performed
poorly in the growth contest too. Welink these two observations where
the former is introduced as the cause of the latter.
(b) Besides the growth effect of the boom, which hinges on the magnitude
of the intertemporal elasticity of substitution, our theory rational-
izes the high but unsustainable consumption rise that oil-abundant
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economies have experienced in the post-boom era. To assess the vali-
dation of our hypothesis however,one needs to estimate the magnitude
of intertemporal elasticity of substitution in the underlying economies.
(c) Another task for further research is to produce time profiles of the key
variables, by numerical simulation, in the post boom era. The method
carried out here works well in the phase diagram, but to compare the
model's predictions with real data, one needs the time span of key
variables.
(d) One shortcoming of the current research is that it cannot analyze
exactly how the size and duration of a boom shapes its after-effects.
The intuition predicts that the longer the boom, the weaker is its
dynamic effect which acts through the interest rate. In other words,
the shorter the duration of the boom, the steeper is the path along
which the interest rate is expected to decline in the second stage.
(e) Another caveat of the current model is that it is lacking a sound
justification for the poor performance of oil economies in the education
sector. In a first best economy, as is the case here, this may only be
justified on the grounds of low productivity of human capital. Since
this is not the case in our model where the ratio of human to physical
capital is low, one needs to propose an alternative hypothesis. In an
open economy for instance the skilled labour can be imported from
abroad which means substituting the final product with human capital
when the latter is relatively scarce. One may ask then why, if any, oil
economies have not followedthis way?
(f) Oil rent has a one-to-one contribution to GDP in oil countries. To
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evaluate the effect of oil booms on the rate of growth, one should look
at the data on the non-oil GDP rather than the GDP itself. This will
enable us to properly distinguish the income effect of the boom from
its growth effect. Time series on the output growth in oil economies
since 1970provides a more reliable reference by which to consider the
growth effect of the boom and in particular its dynamics which are
spread through time.
4. These findings are applicable to multi-sector endogenous growth models
that share the Lucas assumption. This includes R&D-based growth mod-
els so long as only one type of capital is used across both sectors. Es-
tablished R&D-based endogenous growth models in both horizontal and
vertical innovation versions meet this criteria. This includes the expanding
variety model of Romer and the creative destruction model of Aghion and
Howitt where the stock of human capital can be replaced by the variety
of brands and the stock of social knowledge respectively. In addition, the
fraction of effort devoted to education can be replaced by the amount of
research employment in both models. In the case of the horizontal innova-
tion, Arnold(2000, p.220) finds that "the dynamic analysis [of]the Uzawa-
Lucas model of growth through human-capital accumulation ...applies to the
optimal-growth problem in Romer's model as well." Next chapter shows
that our findings are also applicable to the vertical innovation models.
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Chapter 4
Nonrenewable Natural
Resources and R&D-based
Growth
No economy is ever in continuous steady state equilibrium.
Turnovsky(2000, p.487)
Ultimately all commodities and services can be traced to natural re-
sources.
Dasgupta(1989, p.197)
4.1 Introduction
Besides its effect on industrial economies, the first oil shock initiated an intel-
lectual challenge toward energy and exhaustible resources. It called economists'
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attention to deal with the finite stock of exhaustible resources as a binding con-
straint on worldwide economic growth. The studies carried out by the Club of
Rome with a pessimistic approach was alarming at the same time that worldwide
economic growth is constrained by the scarcity of natural resources.
In spite of this Malthusian view, the majority of economists, however, argued
that technical progress and capital substitution could compensate the declining
trend of the essential and nonrenewable resources in the aggregate production
function. In a neo-classical growth framework they considered the rate of utiliza-
tion of natural resources as a factor of production. The results were dramatically
in contrast with those of the Club of Rome. In their view the world could over-
come the finite supply of exhaustible resources if there were a continuous flowof
technical progress or if the share of physical capital in aggregate production func-
tion was larger than the share of natural resources; Stiglitz(1974), Solow(1974),
Dasgupta(1974), and Dasgupta and Heal(1974,1979).
Even without technical progress, growth would be sustained indefinitely through
capital accumulation alone if the asymptotic elasticity of substitution between
physical capital and the rate of resource depletion exceeded one, or was equal
to one, but the elasticity of output with respect to capital exceeded that with
respect to resource depletion. Hence the world survives and technical progress
or capital substitution can compensate the natural resource scarcity! .
Despite studies carried out during the 1980s on the macroeconomic effects
of resource scarcity, by the 1990s Stiglitz's findings were still state-of-the-art
in the area of growth constrained by natural resources. In his model, the main
source for overcoming the natural resource scarcity was the exogenous -and hence
1The contribution of the neoclassical growth constrained by exhaustible resource has been
surveyed by Toman et al. (1995), Beltratti(1997), Krautkraemer(1998) and Neumayer(2000).
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unexplained- technical progress factor.
The waveof endogenous growth theory affected the Stiglitz model too, though
until recently the endogenous growth literature has not been concerned about the
contribution of natural resources.f Barbier(1999) reconciles the Stiglitz model
of constrained growth and Romer's model of endogenous growth to study the
role of innovation in overcoming natural resource scarcity. He also considers the
possibility that in low income natural resources abundant economies, the supply
of innovation may be adversely affected by the rate of resource utilization.
Scholz and Ziemes(1999) demonstrate that, in the decentralized version of
the expanding varieties growth model, indeterminacy of equilibrium trajectories
arises when Romer's model is extended to incorporate exhaustible resources. Two
types of inefficienciesin their paper are responsible for this result: monopolis-
tic competition and information spillover." Schou, as reported by Scholz and
Ziemes(1999), also shows that, compared to the social optimum, in the decen-
tralized version of the model the resource extraction rate could be too low or too
high.
Aghion and Howitt(1998, ch.5) take environmental considerations and ex-
haustible resources scarcity as two different aspects of sustainability. They point
out that sustainability in the latter version can be attained with weaker assump-
tions. They also show that the AK model, due to lack of distinction between
physical and intellectual capital, cannot deal with the sustainability issue well.
They propose the Shumpeterian approach of creative destruction to endogenous
2Kolstad(2000) offers a comprehensive survey on the impact of the literature in exhaustible
resources and the related policy issues.
3Poorly defined property rights of the commonly accessible natural resources is another
source of inefficiency which is not taken into account in these models.
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growth as an appropriate way to analyze both environmental considerations and
natural resource scarcity.
Grimaud(1998) and Grimaud and Rouge(2000) illustrate how the optimal
growth paths in the Aghion-Howitt model can be implemented in a decentralized
economy. They also study the suboptimality of the market equilibrium with
respect to the central planner's version of the model and, moreover, analyze the
effectsof government intervention on the characteristics of the economy, including
the rate of growth and the rate of resource use in the long run.
The purpose of this Chapter is to study the transitional dynamics of the
model of Aghion and Howitt in the presence of exhaustible resources introduced
in Chapter 5 of their book, Endogenous Growth Theory. They focus on the steady
state and show that continuing innovation ensures that an economy overcomes
natural resource scarcity and provides a permanent levelof positive consumption.
In Aghion-Howitt's model, the level of initial physical capital is considered
as a free-like variable, implying that an economy can jump to the steady state
instantaneously. In this Chapter the physical capital instead is taken as given
at the time of planning, implying that transitional dynamics is unavoidable. We
thus extend the Aghion-Howitt model to study its transitional dynamics.
The distinction between sustainability at the steady state and on the tran-
sition path is one of the main messages of the current Chapter. Moreover we
derive conditions for the feasibility of the steady state and compute the rate of
convergence of the economy towards it. A closed form for the fundamental vari-
ables of the economy in the long run is also derived. In addition, we provide a
stability analysis of the steady state.
The Chapter is organized as follows. We firstly introduce the model in section
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4.2. In comparison with the model presented in section 3.3, we provide an intu-
ition for the new element of the model in section 4.3. The optimal growth path
and steady state are consequently derived in sections 4.4 and 4.5 respectively.
We analyze the dynamics of the model, including the stability analysis and the
study of transitional dynamics, in section 4.6. This obtains the most important
results of the Chapter. We conclude in section 4.7.
4.2 The model
Our presentation of the structure of the model in this section followsAghion and
Howitt (1998, ch. 3 and 5) where readers can find the missing details of the
arguments. To facilitate comparison we also use their notation.
4.2.1 Labour force
Consider an economypopulated by a fixedcontinuous mass of homogenous house-
holds, each endowed with one unit of skilled labour who supplies it inelastically.
The population size is normalized to unity and so one is also equal to the aggre-
gate flowof labour supply. This means that we abstract from the size effect and
the variables in the model are in per capita terms.
There are two types of activity for the labour force: working in the final
product market or doing research. We denote the number of people producing
final product and doing research with Land n respectively implying that in each
period
nt + Lt = 1.
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4.2.2 The resource sector
We extend the conventional growth model of creative destruction to incorpo-
rate the use of natural resources by including R, the rate of extraction of an
exhaustible resource S, as an additional input in the production of final good.
The relation between Rand S is described as
(4.1)
where St ( for t > 0) is the stock of resource at t. We assume that So is given
and its amount is known with certainty. Moreover, for convenience, we assume
that there is one pool of resources and we do not consider common utilization of
the resource and its externality effect.
4.2.3 The final product
The economy produces one final product, denoted by Y, and a continuum of
intermediate (capital) goods indexed on the interval [0,Bl and denoted by Xi (0 :S
i :::;B) where B stands for the number of available varieties of circulating capital,
which represents the level of knowledge in the economy too. Each intermediate
good is produced from physical capital and each can be used to produce the
final good, independently of other intermediate goods, with no complementaries
between them.
More specifically, the flow of final good that can be produced using inter-
mediate good i depends only on the flow Xi itself according to the production
function
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where Land R as introduced before, are the total amount of labour working
in the final-product section and the rate of extraction of the natural resource
respectively.' The aggregate output of the final good is therefore
Y = L(3Rl.llB xc;tdi~ ,
o
(4.2)
where 0:, !3 ,II E (0,1) represent the share of intermediate good, labour and
natural resource in the aggregate product respectively, and et + !3+ II = 1.
Suppose now that there is a stock of physical capital K, which is produced
along with consumption goods C, according to the production function (4.2),
where the factors of production are employed in two activities of producing con-
sumption goods and physical capital. Then:
Y=C+K, (4.3)
and there is no depreciation.
4.2.4 The R&D sector
The engine of growth in the model is technical progress in the R&D sector that
leads to the accumulation of knowledge and the expansion of the number of
brands, B. The production of new technology uses only the amount of effort
devoted to research, n and the level of social knowledge as input. So:
B = O'TJnB, (4.4)
where TJ > 0 is the productivity of research effort and 0' > 1 is the factor of
proportionality of the level of knowledge after each innovation.
4We deliberately abstract from the debate concerning whether man-made and natural
capitals are complementary or substitutable and rely on the latter. See Solow(1987) and
Kratukamer(1998) on this.
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The above functional form, initiated firstly by Lucas(1988), is crucial in this
model. In the two-sector endogenous growth model, this form indicates that the
R&D sector does not use any final product and hence physical capital; Barro
and Sala-i-Martin(1995, sec.5.2). Eq. (4.4) in this model specifies that the R&D
sector does not consume any natural resource either and hence its activities
is not limited by the constraints implied by resource exhaustion. Aghion and
Howitt(1998, ch.5) highlight this specification as one of the advantages of the
Shumpeterian approach to the AK model where the former "takes into account
that the accumulation of intellectual capital is greener (in this case, less resource
intensive) than the accumulation of tangible capital." (p.162)
4.2.5 The intermediate sector
The only input into the production of intermediate goods is physical capital.
Considering symmetric equilibrium, the common supply of intermediate goods
in each brand is defined by
Xi = X = K/B "Ii E [0,B], (4.5)
indicating that the more advanced technology (larger B) is more capital intensive.
According to this specification, the total supply of intermediates at each time is
equal to the stock of physical capital.
Substituting the common supply of intermediate goods from (4.5) into (4.2)
yields the aggregate production function
(4.6)
This functional form is consistent with the theory of exhaustible resources
where in a CES world only the Cobb-Douglas form exhibits realistic characteris-
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tics consistent with the feasibility conditions implied by the scarcity of resources;
Dasgupta and Heal{1974}.
What we have just described is a three-sector growth model where the level
of output is determined by the stock of capital K, the level of knowledge which
is proportional to B and the rate of utilization of resources R, which depends on
S. We refer throughout this Chapter to these three types of capital as physical
{or tangible}, intellectual and natural.
4.3 Welfare cost of running out of minerals
To make the current model comparable with that of Chapter 3, let us in the
centrally planned version of the model rewrite the RHS of Eq. {3.15}as
Hf3+"Y KOtuf3.
In comparison with the above expression, there is a new element in Eq. (4.6),
RV which we want to conceptualize in this section.
For this purpose, we take the Weitzman{1999} model as a benchmark where
in a fairly general setting with plausible conditions, he derives the foregone con-
sumption resulting from exhaustion of minerals on the basis of the time trend
of mineral rents. We apply his logic to a more specific framework and find that
the elasticity of production with respect to the minerals can measure this welfare
indicator properly.
4.3.1 The benchmarkmodel
Weitzman analyses the welfare cost of running out of exhaustible resources, in
terms of the implied limits to worldwide growth of future consumption. By
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considering a linear welfare measure of the form
he compares the present discounted value of consumption in two scenarios, namely
the current situation where the worldwide growth is limited by a declining trend
of exhaustible resources, and a hypothetical scenario in which the current flow of
exhaustible resources would be available forever and the world would never run
out of them. He then proposes
= - -
U ua
as the required welfare loss where U" and ir refer to the solution of the optimal
growth problem in the actual and hypothetical cases respectively.
In a clever way, Weitzman concludes then
su pa(O).R(O)
= Ca(O) + [a(o)u (4.7)
where P is the net price (out of the marginal cost) of the minerals, R refers to its
rate of extraction, and C and I denote the level of consumption and investment
(in the aggregate capital) respectively. In addition, all of the variables refer to
the optimal solution of the real growth problem limited by a depletable flow of
exhaustible resources.
Although the main point of his paper lies in the empirical side of the story,
this Chapter is concerned only with the heuristic approach taken in its theoretical
side. Instead being faced with "a computable general equilibrium model having
dynamic specifications of oil demand and supply response functions, a sophist i-
cated treatment of expectation, knowledge of world oil reserves and exploration
costs, estimates of elasticities of substitution between oil and all other relevant
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factors of production, sectorial projections of technological progress, learning
curves, macroeconomic growth forecasts" (p.691), Weitzman simplifies the prob-
lem using the fact that the prices of minerals indicate the market judgement of
the overall welfare loss from running out of them.
4.3.2 The CES technology
We claim that Weitzman's theoretical contribution might be even more applicable
than he has found to be so, if one confines the analysis to the CES world. Consider
the worldwide technology of production as
Y = F{K,R),
where Y represents the aggregate final output, and K and R refer to the broadly
defined capital and flow of mineral respectively. In Weitzman's analysis F could
take virtually any form.
Dasgupta and Heal(1974) argue that in a CES world where the elasticities
of substitution between natural resources and the aggregate capital is constant,
only the Cobb-Douglas form exhibits realistic characteristics which are consistent
with the feasibility conditions implied by the scarcity of resources. It is reasonable
therefore to limit our attention in a CES economy, to the production function of
the form,
Then, in line with Weitzman, we take the final product market as perfectly
competitive to conclude
(4.8)
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which is the result of combining Eq. (4) and (8) of Weitzman in the Cobb-
Douglas context with constant returns to the reproducible capital and the flow
of nonrenewable resources. Now plugging the left hand side of Eq. (4.8) into
(4.7), gives 1/ as the welfare cost of resource exhaustion.
4.4 Optimal growth
Now suppose that the representative agent's welfare is given by the intertemporal
isoelastic utility function
100C1-£-1W - e-ptdt- 0 I-to ' (4.9)
where C represents consumption and p > 0 and Iii> 0 denote the rate of time
preference and intertemporal elasticity of substitution respectively.
The problem of optimal growth is that of choosing the rates of consumption
C, research employment n, and extraction of resource R, at each date so as to
maximize W subject to (4.4) and
S=-R, (4.10)
(4.11)
where Bo, Ko and So are given at the time of planning.
The Hamiltonian of the optimization problem is
There are three state variables (K, Band S), three costate variables (A , J.L and
~), and three control variables (C, n and R). Assuming an interior solution, the
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first order (static efficiency) conditions are
c= = x, (4.12)
,BY/[(1- n)u1]BJ = 11/>', (4.13)
vY/R = fj>.. (4.14)
The Euler equations (dynamic efficiency conditions) are
9>. = P - a:Y/K, (4.15)
9p.= P - (>./p)(l- a:)(Y/B) -1]un, (4.16)
9€ = p, (4.17)
where for each variable like z, we denote its exponential rate of growth with
9z = z/z.
The transversality conditions are
lim e-pt x.«; = 0,
t-oo
lim e-pt J1tBt = 0,
t-oo
lim e-Pt~tSt = 0.
t-oo
(4.18)
Before returning to the algebra, we follow Barbier(1999) to build intuition
about these conditions. Eq. (4.12) describes the optimality rule for consumption.
It indicates that, along the optimal path, the marginal utility of consumption
must equal the shadow price of accumulated capital. Condition (4.13) determines
the optimal amount of research effort. It shows that the marginal productivity
184
of the labour force in the final product relative to the marginal contribution
of research in innovation, must equal the relative price of intellectual capital
to the tangible one. Condition (4.14) indicates that the marginal productivity
of resource inputs must equal the relative price of the resource stock to capital.
Condition (4.15) shows that the percentage change in the shadow price of physical
capital must equal the discount factor less the marginal productivity of capital.
Similarly, condition (4.16) shows that the percentage rate of change in shadow
value of intellectual capital should equal the discount factor less the rate of growth
of social knowledge and the relative price of physical capital to intellectual one
times the marginal productivity of social knowledge. Finally, condition (4.17)
indicates that the capital gains of holding on the resource stock on the optimal
path must be equal to its opportunity costs.
In addition, the transversality condition corresponding to S, using (4.17) gives
S; -+ 0, which due to the finiteness of Sand nonnegativity of R, implies
limRt = 0,
t-+CXl
meaning that along an optimal growth path, the entire stock of resource is ex-
hausted and the rate of utilization of resource also tends to zero.
From (4.12) and (4.15), one obtains the familiar Euler equation for consump-
tion in this economy
indicating that in the absence of population growth, an economy with exhaustible
resources is sustainable if increases in the ratio of intellectual capital to the tan-
gible capital compensates for the finiteness of the essential resources.
By simple manipulation, we derive the optimal rate of growth of the variables
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that we are concerned with in the following proposition.
Proposition 18 The optimal rotes of growth of the main variables of the model
are expressed as follows:
98 = -RjB, (4.19)
9B = arm, (4.20)
se = [a(YjK) - p] jE, (4.21)
9K = (Y - C)IK, (4.22)
1-n 1 C
9n = -(1- a)r7"l(fj +~) + K' (4.23)
(4.24)
(1- a)r7"l C
9R = --.a K (4.25)
Comparing Eq. (4.24) and (4.25) suggests that growth in resource use is
determined by the rate of growth of output less the marginal productivity of
capital. This can be written as
aYIK = 9Y - gR,
which addresses equality between rates of return in the production of physical
capital and the extraction of exhaustible resources, known as the Hotelling con-
dition.
Eqs, (4.19)-(4.25) define the optimal growth path of the main variables of
the model. As one considers, the optimal growth path of all variables are linear
combinations of YIK, Cl K, n and RI S. These are called fundamentals of the
model.
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4.5 Steady state analysis
4.5.1 Specification
Definition of the steady state requires that C, K and Y grow at a constant
common rate denoted by
g* = 9· - 9· - 9*- y - C - K, (4.26)
where * stands for the steady state. This implies that capital productivity re-
mains constant at the steady state.
Moreover, the research effort and the proportion of the labour force working
in the product market remains constant, which requires
9~= -91 = o. (4.27)
Furthermore following Barbier(1999), in a growth model constrained by a
finite supply of natural resources and to investigate whether natural resource
scarcity operates as a binding constraint on the economic growth, it is worth
exploring the condition under which the long run equilibrium is characterized by
the rate of resource utilization RIB, converging to a steady state value (RIB)·.
Thus an additional steady state condition imposed on the optimal path of the
economy is
9R/S = o. (4.28)
Equations (4.26 - 4.28) define the balanced growth path(BGP) at the steady
state. In the following, firstly we impose the steady state conditions on the
optimal growth equations to derive the BGP. We then examine the existence and
uniqueness of the steady state and finally solve the equations governing the BGP
path to derive the long run levels of the fundamentals.
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4.5.2 The balancedgrowth path
We impose the constraints determining the steady state, i.e. conditions (4.26 -
4.28) on the equations which define the optimal growth path derived in section
4.4. Imposing (4.28) on (4.25) and (4.19) gives the steady state rate of utilization
of the resource as
(1- O:)UT]
0:
(4.29)
Now considering (4.19) and (4.28), this gives
. . (1-0:) (C)·9R = 98 = -0:- UT] - K ' (4.30)
which means that in the steady state, the stock of resources and its rate of
utilization both decline with a common rate which is inversely related to the
consumption-capital ratio.
Imposing now, after log-differentiation from (4.6), conditions (4.26) and (4.27)
and substitutes from (4.30), one obtains
• • 1/ (R)·9B=g +-- -1-0: S (4.31)
This, considering (RIS)· 2: 0, means that in the presence of an exhaustible
resource, the balanced rate of growth is lower than the rate of knowledge accu-
mulation.5 The higher rate of utilization of the resource or the higher resource
contribution in the final product, the lower is the balanced rate of growth.
This is a justification of the argument that natural resource intensity is harm-
ful for growth". Using a Cobb-Douglas production function with a declining flow
5Log-linearization from (4.6), at the steady state gives gil = (g. - gB)/l.I which implies Rt =
Ra exp [(g. - gB) t / l.I]. The integral concerning resource constraint, Jooo Rtdt $ So therefore
converges if and only if g. < g'8.
6This is entirely different from what has been presented in section 3.7. Whereas here we
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of natural resource as an essential factor of production, makes the growth slower
with respect to the no-resource case, i.e. when v = O. In the latter case the
balanced rate of growth is equal to the rate of knowledge accumulation.
By log-differentiation from (4.6) and (4.14) and substituting g>. and sn ,one
derives the optimal balanced rate of growth of the economy as an increasing
function of the research effort
* * (1 - a)(r'ln* - pv
9 =g(n)= (1-a)+(e-1)v' (4.32)
meaning that research effort has a positive growth effect which is consistent
with the conventional creative destruction model." In that model, however, the
balanced growth rate is equal to the growth rate of intellectual capital which,
according to (4.4), is equal to ti", the steady state level of research employment.
In the conventional model of creative destruction in the steady state output,
consumption, physical and intellectual capital grow at a common rate g* = (j'TJn*(
see section 3.2.2 of Aghion and Howitt). What we found here is that incorporating
the natural resource into the model not only causes the share of natural resource,
v, to come into account but in this case the elasticity of substitution of consumers
also matters. The higher the degree of consumption-smoothing, the flatter is
g*(n) and the less is the growth effect of research activity.
The relation between the balanced growth rate, g* and the level of research
effort, n is depicted in figure 4.1. As we consider, in the presence of exhaustible
address the effect of using exhaustible natural resources on growth, there we refer to the en-
dowment of natural resources.
7Research employment raises the innovation and hence enhances growth. The cost of allo-
cation of labour, however, is the contraction of the volume of the final output.
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9_ pvnmill - (l-a)tn')
Figure 4.1: In the presence of exhaustible resources, a minimum level of research
effort is required to keep the economy growing.
resource a minimum level of research effort, namely
pll > 0
nmin = (1 - a)a'T/ (4.33)
is required to compensate the declining trend of resource use and provide a pos-
itive rate of growth. Obviously for II = 0 we have nmin = O.
Imposing (4.26) on (4.21),(4.22) and (4.24) gives two independent linear equa-
tions in Y/ K and C/K. Using algebra, we derive the steady state level of the
output-capital ratio and the consumption-capital ratio from these equations as
(4.34)
and
(4.35)
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Now we impose (4.27) on (4.23). This, after substitution from (4.35), gives
the steady state level of research effort as
n" __ v_ + _ _;_f3__ ((j1J - p)
- 1 - a (1 - a)(j1J e ' (4.36)
which is increasing in v and decreasing in e as expected.
By substituting the steady state level of the consumption-capital ratio from
(4.35) in (4.29) we derive the rate of utilization of the resource at the steady
state as
(R)" (j1J - p- = (j1J-S € ' (4.37)
which gives the optimal rate of depletion of resource at the steady state as
In the simplest case where e = 1, the rate of decline of resource use is equal
to the discount rate, p. This means that our model, like those of Barbier(1999),
can produce Hotelling's rule as a special case. Moreover, in the absence of R&D
(i.e. when a and 1Jare zero) we have sn = -pie which is the same as the findings
of the neoclassical model of Dasgupta and Heal(1974).
For deriving the balanced rate of growth, we substitute (YIK)" from (4.34)
into (4.21) which results in:
" (j"l - Pg = .
e
(4.38)
One considers from the above expression that the economy grows faster in the
long run, the more productive is the R&D activities; the lower is the rate of time
preference or the laryer is the intertemporal elasticity of substitution. The rate
of knowledge accumulation at the steady state can be obtained by substituting
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n* from (4.36) into (4.4) as
* {3 ( UT] - p)98 = UT] - -- UT] - .1-0 € (4.39)
4.5.3 The existence and uniqueness
On the balanced growth path C, K and Y grow at the same rate, n does not
change and R and B decline at the same rate too. Thus the rate of growth of the
fundamental variables YIK, CIK, n and RIB on the steady state must be zero.
According to optimal growth equations, one can derive the growth rates of
fundamentals of the model in a system of growth differential equations, which,
due to the functional form of production function, is linear in those variables
themselves:
9Y/K 0-1 0 0 0 Y/K 1
9C/K o/€ -1 1 0 0 CIK pI(€>'}
= ->.
9n 0 1 -0>'/f3 0 n (v-l)l{3
9R/S 0 -1 0 1 RIB 1
(4.40)
where>. = (0 - l}uT]la.
We call the RHS of the above system Ax - b , where A is the 4 x 4 matrix of
coefficients,
x == (YIK, CIK, n,R/S)T,
is the vector of fundamental variables and b is the constant vector of parameters.
The triangular structure of the matrix of coefficients, suggests that the dy-
namics of the model is fully tractable. Moreover, the non-zero entry in the last
row of A indicates that the rate of decline of resource utilization is affected by
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the consumption-capital mtio, while the zero entries of the last column of A in-
dicate that the dynamics of the core of the economy is not affected by the rate of
resource utilization.
According to the previous section, the steady state is defined as
{x E )Rt : Ax = b}.
Hence the existence and uniqueness of the steady state can be analyzed by char-
acterization of the matrix of coefficient A for which we have det A = -(1 -
a:)2uTJI f3 < O. Thus we conclude the following statement":
Proposition 19 For the model economy, there exists a unique steady state which
is completely described by the parameters of the model as
(4.41)
Conclusion 9 (i) The unique steady state is characterized by the set of known
pammeters as follows:
(YIK)'" = uTJla:,
(CI K) '" = UTJI a: - (UTJ - p) IE,
n* = 11/(1 - 0) + f3(UTJ - p)1 [(1 - a:)UTJE],
R'" = UTJ - (UTJ - piE).
(ii) The growth rates along the balanced optimal path are:
gy = gc = 9K = (UTJ - p)/E,
9B = UTJ - f3 (UTJ - UTJ: p) 1(1 - 0),
'" '" UTJ-PgR = g8 = - uTJ·
E
sNili(2000) explains how the violation of constant returns to scale implies the nonuniqueness
of the steady state and in this case what the characteristics of multiple equilibria are.
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(iii) The (unique) transversality condition is (a", - p) If. < an,
For g. in (4.38) to be positive it is necessary to have p < a", . In addition
the transversality condition corresponding to K, in conjunction with Eqs. (4.17)
and (4.34), implies a", - p < ane. We combine these inequalities in the following
condition:
Condition 6 0 < a", - p < (J",€,
We show in the following that condition 6 is the one required for the steady
state to be well defined.
Proposition 20 Condition 6 is the necessary and sufficient condition for sus-
tainability of the growth on the steady state (i.e. for g. > 0 ) in the presence of
an exhaustible resource which is essential for production, and also for W to be
bounded. Moreover further to (YI K)· which based on the range of the parameters
of the model is positive, condition 6 is the sufficient condition for the steady state
to be well defined, i.e. 0 < n: < 1, (CIK)· > 0 and (RIS)· > 0 .
One may observe from condition 6 that an optimal negative growth of output
is possible, if the subjective rate of discount, p is sufficiently large, i.e. larger
than the effectiveness of the R&D sector, an. Obviously the condition for sus-
tained growth should be modified in the presence of population growth or capital
depreciation.
Considering Eqs. (4.5) and (4.31) we conclude the following statement:
Proposition 21 In the presence of an exhaustible resource (i.e. when 1/ > 0),
the rate of balanced growth is less than the rate of knowledge accumulation at the
steady state. This implies that, at the steady state, the total supply of intermediate
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goods grows at the balanced rate of growth while the supply of each individual
branch declines proportionately with the flow of natural resources.
From the Cobb-Douglas form of the aggregate production function in (4.6) we
know that both the intermediate goods x, and rate of extraction of the resources
R, are essential for production. In (4.29) we conclude that in the steady state
R is declining without bound. In the above we found the same result for x.
Furthermore, the rate of decline of both variables are proportional in the steady
state:
... v ...
9x = 1-a9R'
This indicates that integrating an exhaustible resource into the aggregate pro-
duction is harmful for sustainability of the growth directly through its declining
rate of extraction and indirectly via the supply of intermediate goods.
4.5.4 A numericalillustration
To illustrate the working of the model, a practical example is given in this section.
We should emphasis, however, that it is not a calibration exercise but to show
how the model works. For this reason we select a set of plausible values for
technology parameters a = 0.5, f3 = 0.45, v = 0.05, preference parameters f. = 2,
p = 0.02 and R&D parameters er'f/ = 0.06.
The size of the variables of the model in this setting is described in table 4.1,
where the figures are in percent (except the life of the stock of the resource which
is reported in years). In addition, excluding the rate of convergence, the rest of
the variables refer to their values at the steady state.
Two figures in the above table seem odd with respect to the empirical evi-
dence: the high speed of convergence, i.e. 6 percent in contrast to the adjustment
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rates of the order of 2 percent per annum e.g. in Mankiw et al. (1992), and the
high level of research employment, i.e. 35 percent relative to e.g. 18.2 percent in
Barro and Sala-i-Martin(1995, sec.5.2.2).
Table 4.1 Numerical illustration of the steady state
Balanced rate of growth 1.5
Output-capital ratio 12.0
consumption-capital ratio 10.5
Saving rate ( = ag* / (J7J ) 16.7
Rate of resource utilization 4.0
Life of the resource stock ( in years) 25.0
Interest rate ( = (J7J ) 6.0
Research employment of skilled labour 35.0
Rate of knowledge accumulation 2.1
Rate of convergence toward the steady state 6.0
Regarding the former, we should emphasis that the implausibly high rate of
convergence is a common problem in the Lucas-type models where the technol-
ogy of innovation depends only on the flow of research input and the existing
stock of knowledge. Ortigueira and Santos(1997) show how the introduction of
adjustment costs into the accumulation of physical capital, significantly reduces
this figure.
Concerning the second problem, as we mentioned in Eq. (4.36), the incor-
poration of nonrenewable resources pushes the steady state level of research em-
ployment upwards. The contribution of exhaustible resources in the long-run
research effort i.e. v/(l - a) here is 10 percent which justifies the high value of
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n* in the above table. Moreover increasing f. by one unit, decreases n* by 10
percent.
4.6 Transition dynamics
The purpose of this section is to investigate the dynamic properties of the model
around the steady state and its transitional path toward it. We analyze firstly the
stability of the steady state. This is carried out by linearization of the dynamical
system describing the optimal growth paths around the steady state. We then
study the transitional path of the economy toward the steady state.
4.6.1 Local dynamics and stability
By linearization, the local dynamics of the model around z" is approximated by
the followingsystem of linear differential equation
!(x - Xt) = A*(x - z"), (4.42)
where A* = [ati] is the Jacobian matrix of the system described by (4.40) evalu-
ated at z". For this matrix we have aij = aij .xi where aij refers to the entry of
i-th row and j-th column of matrix A.
Since A* like A is lower triangular one can determine its eigenvalues as
* (Y)* (0)* (1- 0)0"1} * (R)*A(A ) = {(a -1) K ' K ' f3 n, S },
or after substitution from Eqs. (4.34 - 4.37)
A(A*) = { (0 - 1)0"1}, 0"1} _ (0"1} - p) , 1/f30"1}+ O"T] - P, 0"1} _ O"T] - p}.
a 0 e e e
Condition 6 implies that A* has one negative eigenvalue A = (a - 1)0"1}/0
whose magnitude determines the speed of convergence along the transition path.
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There are also three positive eigenvalues: A2, A2 and A4. They are real but
not necessarily distinct. There is the possibility of overshooting, but as will be
described here, one can set the initial conditions in such a way that the dynamics
of the system become more tractable.
The solution of the linearized system (4.42) can be written in the general
form as
4
Xt - x· =LCjAitO; exp(Ait),
i=l
(4.43)
where Ai is the eigenvector corresponding to the eigenvalue Ai, Oi is a nonnegative
integer less than multiplicity of Ai, and Cj is the constant of integration.
Since there is only one negative eigenvalue, i.e. AI, the only subspace gener-
ated by its associated eigenvector Al is stable. Considering the initial conditions,
although Bo, Ko and So are given we can freely determine Co, no and Ro. Hence
we can choose Xo such that Xo - z" has no component in the subspace generated
by Ai ( i = 2,3,4). This requires c, = 0 for i = 2,3,4.
By replacing these constraints in (4.43), the stable solution can be character-
ized as
• • [(Y/K)t] [(0 -1) ]Xt -x = [(Y/K)o - (YjK) 1 (YjK)o AI·exp -0- ant ,
where Al rules out unstable paths".
The rate of convergence of the economy towards the steady state is determined
solely by 0, er and ry and is independent from the preference parameters'", There
is a one-dimensional stable saddle path therefore converging to the steady state
z".
9The first component of Al is normalized to one.
lOThis is not however the case if we augment the law of motion of B by the effect of physical
capital on the innovation process; Ortigueira and Santos(1997).
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4.6.2 Coexistence of the transition and the steady state
Now it is time to ask how a central planner sets the control variables at their
initial positions. The control variables are required to be set such that Xo is
equated with x· where the elements of z" are described by the RHS of Eqs. (4.34
- 4.37). Thus given Ko, Bo and So and the parameters of the model, to avoid
the social cost of being out of steady state, the social planner solves Eq. (4.34)
at the time of planning so that
(Bo/ KO)l-o (-1 {3 )f3 [1- (UTI _ p)/UTle]f3(UTI _ u"I - P)"So = U"I,
-0 e 0
or simply
(Bo/Ko)1-O:S0 = cste.
One degree of freedom is required to equate the LHS of the above equation with
the RHS which is given by the known parameters.
Aghion and Howitt(1998, p.164), by taking Ko as a function of Bo and So,
abstract from the analysis of transitional dynamics in their model and conclude
that the optimal balanced growth path can be reached instantaneously from
the initial position. We consider instead the initial value of physical capital,
along with the intellectual and natural capital, as given to the central planner.
According to this argument in general being on the steady state is unlikely and
the economy described by this model lies almost always on its off-balanced path.
Proposition 22 Given the initial level of physical, intellectual and natural cap-
ital, i.e. Ko, Bo and So, in the economy described by Eqs. (4·1) - (4.6), jumping
instantaneously from the initial position to the steady state determined by Eqs.
(4-34 - 4.37) is not possible and passing through a transition path is unavoidable.
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4.6.3 Dynamics of consumption and physical capital
Consider the following subspace
To analyze the transitional dynamics of the model in the phase space, one
should derive the locus Xi = 0 of the components of the vector x = 0;, ~,n, i)T.
From (4.40) the dynamical system describing the behaviour of x is as follows
(4.44)
The transition path of the output-capital ratio is depicted in the upper panel
of figure 4.2. Besides the origin which is a trivial steady state, (YI K)* = aT/la
is the stable equilibrium of the first differential equation described in Eq. (4.44).
One sees from (4.21) that so = (aY IK - p)! e is a linear transformation of
YI K. The transition path of 9c is therefore the same as Y! K except that the
former converges to (a"1 - p)!€. If condition 6 holds, in the long run output,
consumption and physical capital grow at a positive (and constant) rate. Sus-
tainability, interpreted as non-negative rate of growth of consumption, requires
that aY! K ~ p. Now if (YI K)o < pia, then for a finite time se would be
negative'! (see the middle panel of figure 4.2).
11If physical capital depreciates at rate El > 0, then the threshold for output-capital ratio
would be (p+EI}/a: instead. Hence the higher the rate of capital depreciation or discount factor,
the more likely it is that consumption falls on the transition.
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Figure 4.2: Transition path of output-capital ratio (upper panel), consumption
growth (middle panel) and time profile of consumption (lower panel)
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This implies a If-shaped path for consumption along its time profile; figure
4.2 (lower panel). It falls so long as (YI K)t < pia. Consumption reaches its
minimum at arg{(YIK)t = pia}. It then rises when YIK passes its threshold
toward its steady state. Since the steady state is globally saddle stable, the V-
shaped path of consumption is a definite outcome of the model when the initial
stock of physical capital is so large that (YIK)o falls below pia.
The phase diagram of (CI K, YI K), based on the first and second Eqs, of
(4.44) is depicted in the upper panel of figure 4.3. As we see ((Y IK) *, (CI K) *)
is saddle stable. Besides this steady state, and the origin which is the trivial
equilibrium, there are two attractors: (a'TJla,O) and (a'TJla,+00). The former is
intertemporally inefficient and the latter is not feasible. The slope of the saddle
path is positive (negative) if € is greater (less) than a.
The stable arm for YIK < a'TJla lies above the d(CIK)ldt = 0 locus. It--crosses the 45 degree line from above at YIK = arg{Y = C}. Since the saddle
path is monotonous, this gives
--CIK ~ YIK if and only if YIK S YIK.
This, according to (4.22), results in
if and only if --YIK§;YIK.
The transitional dynamics of rate of growth of consumption and physical
capital, based on these findings, are illustrated in the middle panel of figure 4.3
where we have
1. gK < se < 0 for 0< YIK < pia;
2. s« < 0 < gc < g* for pia < YIK < YjK;
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3. 0 < gK < se < g* for -Y/K < Y/K < anla;
4. 0 < g* < se < o« for UTf/a < Y/K.
This helps us to draw the U-shaped transitional profile of C and K in the
lower panel of figure 4.3. Since Y/K is growing when it is short of its steady
state, this graph can be transformed to obtain the time profile of C and K too.
The common feature of what we found in figures 4.2 and 4.3, is that for
sufficiently low values of the output-capital ratio, it is optimal for physical capital
and consumption to fall for a finite period. Although the sustainability condition
on the steady state guarantees that they all eventually grow at a positive and
common rate. The argument suggests that as long as transitional dynamics
matter, one should distinguish between sustainability at the steady state and on
the transition path. The former is necessary but not sufficient for the latter.
4.6.4 Dynamics of resource depletion
From (4.25) we have
which shows that along the transition path, the rate of decline of resource deple-
tion mirrors the consumption-capital ratio. This gives simply the optimal rate
of natural resource depletion along the transition path.
Proposition23 The optimal rate of depletion of natural resource along the tran-
sition path is determined by
Rt = ~exp[-A- (C/K)]t.
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Figure 4.3: Phase diagram of YIK and elK (upper panel), and the dynamics
of consumption and physical capital (middle and lower panels)
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From the phase diagram in figure 4.3 we learn that the consumption-capital
ratio, along the saddle path, is bounded between the locus d(elK) Idt = 0 and
elK = (CI K)*. This introduces a lower and upper bound on the rate of growth
of resource depletion. The result is expressed below.
Conclusion 10 When the output-capital ratio is short of its steady state, i. e.
YIK < (YIK)*, the rote of growth of resource depletion is bounded as
0''fJ - P--=-~ - 0''fJ < gR(t) < -A - p]«.
E
By aid of analytical methods, we cannot explore more details about the dy-
namics of the rate of resource depletion.
4.7 Conclusion
This study takes the Shumpeterian growth model limited by finite supply of ex-
haustible resources, initiated by Aghion and Howitt(1998, ch.5), as a benchmark.
We extend their model to allowfor the coexistence of the steady state and transi-
tion path, though they only focus on the former. Concerning the steady state, we
derive the closed form of the fundamentals of the model and show that constant
returns to scale is a sufficient condition for the existence and uniqueness of the
steady state. Moreover, we show that the steady state is globally saddle stable
where the technology parameters solely determine the rate of convergence along
the saddle stable arm toward it.
Incorporation of natural resources, in a first best economy and when the
technology of production is Cobb-Douglass, does not affect the long-run rate of
growth. This is achieved, however, at the expense of higher employment in the
R&D sector, resulting in faster accumulation of knowledge. The higher the rate
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of resource utilization or the more important the contribution of natural resource
in the aggregate production function, the larger is the gap between the rate of
innovation and economic growth. This is obtained because, by assumption, an
exhaustible resource does not impose a limitation on the innovation process and
the accumulation of knowledge. As a result, the supply of individual brands falls
with the rate of utilization of resource, while the total supply of intermediates
grows at the balanced rate of growth.
The main contribution of this study lies in the transitional dynamics of the
model economy. Our analysis shows that situations exist where it is optimal
for both consumption and physical capital to fall for a finite period along the
transition path. This happens where the endogenous growth is sustained at the
steady state and the sustainability condition, suggested by Aghion and Howitt,
is met. Our numerical exercise suggests that the threshold for the occurrence of
this situation is when the average productivity of capital is less than a quarter
of its steady state. A similar exercise based on other sets of parameters shows
that the corresponding threshold might be even higher, suggesting that falling of
well-being and the violation of sustainability is likely even when the economy is
not far from its steady state.
We believe that transitional dynamics has been overshadowed by the steady
state analysis in the literature. Solow(1970)'swords are still alarming where he
says "the steady state is not a bad place for the theory of growth to start, but
may be a dangerous place for it to end." (p.7)
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Chapter 5
Concluding Remarks
This study has considered the relation between growth and development on the
one side, and exhaustible natural resources on the other. The findings are briefly
summarized as follows.
5.1 The voracity effect
A country that receives windfalls in the form of a natural resource boom, may
react in a cautious or voracious way. In the oil economies, the government is the
main recipient body and the fiscal policy is the key channel of the windfall spend-
ing. In an economy whose inhabitants are voracious, the size of redistribution
caused by a windfall rises more proportionally than the windfall itself.
Taking the voracity effect as granted, we do not explain why the effect takes
place, but describe how it proceeds. We attempt to accommodate the issue in two
different frameworks. One is a static version that addresses the effect of natural
resource abundance on the allocation of human resources and the size of GDP.
The other is an established two-sector endogenous growth model in the language
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of Lucas. Surprisingly the results are very close, though their structures are far
apart. Our findings along this line are summarized in the following:
1. Marginal productivity of lobbying measures the extent of harmful effects
of a windfall when the voracity effect is present.
2. A resource boom, in the presence of the voracity effect, changes the reward
structure in favour of rent-seeking. By reshaping the incentive structure it
diverts labour from productive activities and motivates them toward rent-
seeking. The higher the size of boom, or the more severe the propensity to
suffer from voracity, the greater is the extent of diversion.
3. An increase in government revenues, financed by resource rents, lowers the
provision of public productive services if the voracity effect is present.
4. If lobbying is the only motive behind fiscal transfers, the voracity effect does
not appear when rent-seeking intensity is low. In particular, if marginal
productivity of lobbying changes in the same direction as rent-seeking in-
tensity, the voracity effect takes place only for high levels of rent-seeking.
The latter mechanism is more likely to operate if resource rent and rent-
seeking intensity have separate effects on the level of fiscal transfers.
5. By distinguishing between the income effect of boom and its effect on the
choice of occupation, we specify to what extent the horror aspects of booms
can be represented by the voracity effect. This can be described as follows:
(a) We derive a sufficient condition for the case where a resource boom, in
contrast to its positive direct effect, is counterproductive. This hap-
pens when the voracity effect operates or when the extent of diversion
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of labour induced by a boom is large enough to compensate for its
positive income effect.
(b) Three factors account for the negative level effect of a boom: the
extent of voracity; the share of transfers in fiscal expenditures and the
level of resource intensity. Whereas the first and the second elements
magnify the adverse welfare effect of boom, the third factor mitigates
it.
6. A representative-agent framework can capture the main aspects of the vo-
racityeffect. To generate the voracity effect, we do not necessarily need to
address redistribution among the agents and go beyond the representative-
agent framework. This corresponds to the occurrence of the situation where
the economy reacts to a relative abundance of physical to human capital
by more consumption. A resource boom in the form of a sudden increase
of physical capital therefore leads to a lower steady state.
7. We provide a necessary and sufficient condition for the appearance of the
voracity effect. This is done by introducing voracity as an extreme case
of being impatient, which clarifies the link between the voracity and the
consumption-smoothing effect.
8. We show that the occurrence of voracity is a sufficient condition for devel-
opment failure of booming economies. The adverse effects of the resource
boom on the allocation of talent, the size of GDP and rate of growth of the
economy may emerge even when voracity is not operative.
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5.2 Development failure of oil economies
Although the voracity effect is a well designed concept which addresses the harm-
ful aspects of natural resource booms, it does not fully capture all of the boom
effects. We classify the impact of booms on the allocation of labour between pro-
ductive and unproductive activities, level and composition of GDP, based solely
on the characteristics of the influence function. This includes situations where
the size of fiscal claim does not exceed the windfall, but the harmful impacts of
booms are still present.
Regardless of the volatility of the natural resource rent, the mere endowment
of natural resources has some important impacts on the general performance of
the economy. The findings can be summarized along this line as follows:
1. The mere access to the natural resource rent can justify the occurrence of
the no-activity equilibrium where the labour force are rent-seekers and the
extraction of natural resource is the only productive activity.
2. If fiscal transfers rise proportionally with oil rent, the size of the latter
and hence the degree of resource intensity has no effect on the occupa-
tional choice. In other words, the nonlinear effect of resource rent on fiscal
transfers is the channel of transmission of the extent of natural resource
abundance on rent-seeking intensity. This of course implies that if fiscal
policy in a booming economy is such that fiscal transfers grow proportion-
ally with resource rents, the boom does not affect the allocation of human
resources.
3. There is an association between rent-seeking activities and oil abundance.
Windfall spending through fiscal channels, political distribution of rents,
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and the extent of influence of lobbying on windfall spending strengthen
the link. The voracity of effectivewindfall claimants is a sufficient but not
a necessary condition for a resource boom to induce diversion of human
resources.
4. We derive a necessary and sufficient condition for a resource boom to lower
the level of GDP. We also find that an oil boom is welfare worsening if the
voracity is in effect and the propensity to suffer from the voracity exceeds
the size of subsidy to producers in units of the final good.
5. The endowment of plant and equipment in the oil economies is highly un-
balanced with respect to their stock of human resources. This suggests that
oil windfalls are invested mainly in physical capital rather than education.
6. When the consumption-smoothing effect is not strong enough, there is a
monotonic association between the extent of imbalance between physical
and human capital and the rate of output growth in the vicinity of the
steady state. The lower the rate of economic growth, the more scarce is the
relative human capital. This, in conjunction with our previous findings,
suggests an explanation for the local adverse growth effect of oil booms.
This also is proved to be useful to partially explain the poor growth per-
formance of oil abundant economies.
7. Our empirical findings on the extent of imbalance between physical and
human capital in oil economies, bridges our results on U-shaped path of
consumption and physical capital to the macroeconomic performance of
oil economies. This provides an approximation for the high but declining
trend of consumption and physical capital in the underlying economies.
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The more biased the spending of oil rents toward the physical capital accu-
mulation away from education enhancing, the further the boom displaces the
economy from the steady state and the more likely the booming economy is to
live beyond its means. This is attributable to a high level of consumption which
is not sustainable, and a high level of physical capital which is not consistent
with the current level of skills and knowledge.
5.3 Transition dynamics of consumption and physical
capital
Lucas' key assumption that education depends only on the pre-accumulated stock
of human capital and the amount of time devoted to learning, identifies a cluster
of multi-sector endogenous growth models where only one type of capital can
be used across other sector(s). Within this class we explore the transitional
dynamics of consumption and physical capital. This leads to the following results:
1. In the two-sector Lucas growth model,
(a) when human capital is relatively scarce, consumption and physical
capital may exhibit If-shaped trends during their convergence path
toward their steady state. They firstly fall for a finite period and then
rise toward their balanced growth path.
(b) the sequence of falling and rising of consumption and physical capital
do not match. There exists a situation where the rising of consump-
tion coincides with the falling of capital. In contrast with the findings
of Caballe and Santos(1993), this distinguishes the dynamics of the
Lucas-type growth models from overaccumulation of capital in the
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Ramsey economy. Moreover the sequence of stages differs substan-
tially from those of Ramsey.
(c) rates of growth of consumption and physical capital, like the Ram-
sey model, change in the same direction during the transition. The
difference is that their signs do not change at the same time.
(d) imposing the baseline parameters in the literature, one can observe
that the falling period happens over a reasonably long period of time.
2. Our findings about the dynamics of consumption and physical capital and
the local dynamics of output growth is applicable to the whole class of the
multi-sector endogenous growth models that share the Lucas assumption.
This in particular includes the established R&D-based growth models of
Romer and Aghion-Howitt.
3. Growth failure of oil economies and their after-boom effects, can be ad-
dressed in a more explanatory way by a two-sector Lucas-type rather than
by a Ramsey model. In particular, some regularities of oil economies are in
favour of the former model which is able to address the imbalance effect.
5.4 Sustainable development versus endogenous growth
Our findings on the transitional dynamics of consumption and physical capital in
the Lucas-type multi-sector growth models show that the sustainability condition
proposed by Aghion and Howitt(1998, ch.5) is a necessary but not sufficient
condition for the non-declining path of consumption and physical capital along
their transition path.
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In an economy that meets the sustainability condition, in the long run con-
sumption, capital and output all grow at a positive and common rate. In the
short and medium term however, the U-shaped path of consumption and physical
capital indicates that sustainabilty is violated along the transition path.
5.5 Growth limited by exhaustible resources
We consider an innovation-based three-sector endogenous growth model limited
by finite supply of nonrenewable natural resources. The model is taken from
Aghion and Howiit{1998,ch.5} where the authors address the advantages of the
creative destruction approach to deal with sustainability issues in comparison
with other growth models.
Our study offers the followingcontributions to the Aghion-Howitt model.
1. Given the initial portfolio of the wealth of a country, including the stock
of physical and natural capital and the level of knowledge, we show that
the transitional dynamics exists. This means that the steady state analysis
only identifies the behaviour of the economy in the long run, whereas the
economy spends most of its time along the transition path.
2. The Aghion-Howitt model shares the similar reduced form with the Lucas
growth model and thus our findings about the dynamics of consumption
and physical capital and local dynamics of output growth in the latter
model are applicable to the former model too.
3. The dynamics of rate of resource depletion is further explored. It mirrors
consumption-capital ratio along the stable saddle path.
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4. Having examined the validity of our findings about the U-shaped path of
consumption and physical capital in the Aghion-Howitt model, we show
that the debate about the linkage between sustainable development and
endogenous growth is applicable and is even clearer if one takes the limita-
tions imposed by exhaustible natural resources into account.
We also examine the welfare cost of running out of exhaustible resources that
are essential inputs of aggregate production. We take Weitzman(1999)'s model
as a benchmark where in a general setting, he derives the forgone consumption
resulting from exhaustion of minerals on the basis of time trend of mineral rents.
We apply his logic to a CES framework and find that the elasticity of production
with respect to the minerals measures this welfare indicator properly ..
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Appendix A
Appendix to Chapter 2
A.I The expected prize in a multi-grant contest
Plugging from definition of ~(j) into (2.5) gives
where 7ri = xdX. From basic combinatorics we know
j_ (k) = c- 1)
k j i=i t
Putting this into the above expression leads to
K
"Ci = RJ~l (~)7rf+l(l-7ri)K-J
= Rm,t (~)7rf(l-7ri)K-J.
J=O
where by binomial expansion, the summation equals one.
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A.2 Proofs
This section provides proof of the theorem-type statements in Chapter 2 whose
proofs are not appeared in the text itself.
Lemma 1 From (2.2), R < Q leads T < G which applying (2.3) and (2.1) gives
the result.
Lemma 3 Assumptions imposed on R are sufficient for ¢ > 0 when n E (0,1].
Moreover we have
""'( ) = ""( )2 [2(1 - TAL) + TALn]
If' n If' n (1 _ T)AL2n3 '
which is positive. By plugging from ¢, the RHS can be rewritten as
n [(1 - T)AL]2 {n2(1 - T)AL + [1 - TAL(1 - n)] / L} -2,
which tends to zero when n ---+ O. The last part is trivial.
Lemma 5 Differentiating from V and Win Eqs. (2.13) and (2.14) with respect
to Q, gives the result.
Lemma 6 By differentiating from (2.14) and (2.13) with respect to Q, WQ S
VQ is equivalent with (1- T)A(I- RQ)/ [1- TAL(I- n)] S RQ/L2n2 where the
latter inequality can be rewritten as
(1 - T)A ~ [ (1 - T)A + _1_] R
1- TAL(1- n):5 1- TAL(I- n) L2n2 Q.
This, by lemma 1, gives {1+ [1- TAL(1 - n)] /(1 - T)AL2n2}RQ ~ 1 where
lemma 1 once again ensures that the expression within the bracket is positive.
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Appendix B
Appendix to Chapter 3
B.l The algorithm for numerical simulation
This part explains an algorithm, based on the time elimination method, which
is used in sections 3.4 and 3.5 for simulating the off-balanced path of the Lucas
model described in section 3.3. The method was first introduced by Mulligan
and Sala-i-Martin(1993) into the field.
Consider a Lucas economy defined by Eqs. (3.1) - (3.4) with known param-
eters A, B, Cl, p, 6, (T. The off-balanced path of this economy is a sequence of
points (Zi' Xi' Ui) that are generated through the following algorithm.
1. Initialization:
(a) Let f > 0 be a small deviation from the steady state! defined by (3.7),
t1t the step size and T::; -2In(z/f -1)/>.. the length of simulation.
(b) Let Zo = Z - f, Xo = X - Wo and uo = it - fWo define the initial
1Since z approaches asymptotically to z, it never reaches it in practice. We thus displace z
by a small disturbance f. For e < 0, the algorithm generates the right saddle path when z > z.
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condition in the vicinity of the steady state where Vo and Wo are the
second and third components of the stable eigenvector, A defined in
Eq. (3.12).
(c) Set i = O.
2. Going backward from the steady state, generate the next point on the
saddle path as follow:
where
(a/a - 1)Zi + Xi - pia + (1 - 1/a)6 Xi
(a - 1)Zi - A . Zi
-A+Bui-Xi Ui
(a-l)zi-A Zi
3. If i 2: T algorithm ends. Otherwise set i = i+ 1, Go to step 2.
The sequence {Zi' Xi' Ui} :=1 presents the off balanced path of the economy for
Z < z.
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B.2 Solution of the model with externality
This appendix gives a solution of the Lucas growth model with externality pre-
sented in section 3.6. This, also in the absence of externality, i.e. where, = 0,
produces the solution of the model in section 3.3. Moreover with A = 1, H = B,
and ') = 1 - 0: - /3, the results are also applicable to sections 4.4 and4.5.
The current value Hamiltonian of the model adopted by the central planner
is given by
C1-a 1
J = 1_ ~ + II [AKQ(uH)l-aF - C - 6K] + J.L[B(1 - u)H - oH],
where II and J.l are the costate variables. The term in the first set of brackets
equals dK/dt, and the term in the second set of brackets equals dH/dt. The
former in the competitive economy is replaced by (r - 6)K + wHu - C where r
and ware defined in (3.17).
The first-order conditions, 8J/8C = 0 and 8J/8u = 0, lead respectively to
c:" = II, (B.1)
11(1 - o:}Y/u = J.lBH, (B.2)
where in (B.l) the isoelastic form of the instant utility from (3.1) is taken into
account. Condition (B.2) in the competitive economy is simply IIW = J.LB.
Condition d.v/dt = PII- 8J/8K implies
V/II=p-o:z+6, (B.3)
where the right hand side in the decentralized version is - (r - P - 6).
Condition dJ.l/ dt = PJ.l- 8J/8H implies
jL/J.l = P - (1- 0: + ,)Y/H - B(1- u) + 8, (B.4)
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in which the consistency condition H = H has been imposed. In the competitive
economy however, owing to lack of consideration of the human capital externality,
the second term of the right hand side is wu.
The transversality conditions are
lim «r»,«, = 0,
t--oo
lim e-pt J-LtHt = O.
t--+oo
Differentiating Eq. (B.1) with respect to time, in conjunction with (B.3),
gives the Euler equation for consumption growth
ge = (az - p - 6)/a, (B.5)
Moreover (3.3) gives the rate of growth of physical capital as,
s« = Z - X-6, (B.6)
The growth rate of X can then be determined from Eqs. (B.5) and (B.6)
which is valid for both decentralized and centrally planned economies:
gx = se - s« = (a/a - 1) z + X - (p + 6) [a - 8. (B.7)
If one now substitutes for v/J1 from (B.2) into (B.3), the result is
.0
i/ ]» = -(B-p-o)-,Bu/(l-a),
. e
V / v = - (B - p - 6),
where the superscripts 0 and e refer to the optimal path and competitive equi-
librium respectively. On the other hand, differentiation with respect to time
from (B.2) gives another expression for the rate of growth of the shadow price of
human capital as:
v/v = p+ 6(1 - a) - oX - agu + (r - a)[B(l - u) - 0].
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By setting equal the right hand side of two expressions obtained for vlv,
one gets the rate of change of work effort along the optimal path and in the
competitive equilibrium respectively as
g~ = -A - X + Bu (I - a +,) 1(1 - a), (B.8)
(B.9)g! = -A - X + Bu(a - 'Y)la,
where A = -[B(I - 0 + 'Y) - 6'Yl/a.
If we differentiate Eq. (3.15) with respect to time, in conjunction with the
above results, we get, after simplifying,
g~ = BY - gK = -A + (a - l)z, (B.IO)
(B.11)g~ = gy - gK = -,X+ (0 -1)z - BU'Y/o.
Equations (B.I0), (B.7) and (B.8) form a system of three growth differential
equations in the variables z, X and u, where the state variable z begins at some
value z(O). In the decentralized economythe first and third equations are replaced
with (B.11) and (B.9).
Along a balanced growth path, by definition, rates of growth of C, K and
H are constant and u does not change. From (B.5), we conclude that z at the
steady state is constant meaning that in the long run Y and K are proportional.
This, in conjunction with (B.6), implies that at the steady state X is also constant
meaning that C and K grow in the long run at a common rate too. We call this
the balanced rate of growth 9 == 9C = gK = gy, where a tilde refers to the steady
state. If we differentiate Eq. (3.15) with respect to time and substitute from
above, it results in:
9 = (1+ 'Y/(1 - 0)) sn-
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(B.12)
The steady state of the centrally planned economy can be found readily by
setting the three growth Eqs. (B.IO), (B.7) and (B.8) to zero. This results in
z = [B{1 - 0 + 'Y) - 6'Y]/[0{I - 0)],
X = B 10 - (B - p - 6)Ia - 6 - (B - 6)(1 Ia - 1/0) I (I - 0),
u = 1 - {p - [A - (I - o){p - 6)] I [u(I - 0 + 'Y)]} / B.
For the decentralized economy one should set the Eqs. (B.11), (B.7) and
(B.9) to zero to obtain
z = Blo+[{B-p-6h/o]/[u(I-o+'Y)-'Y],
X = z - 9-6,
u = 1-[(1-0)(B-p-c)IB]/[u{I-o+'Y)-'Y]-6/B.
The corresponding steady state growth rate of Y, C and K in the centrally
planned and decentralized economy are respectively:
go (B-p)(I-o+'Y) 6= u(I - 0) u'
ye B-p-8=
a - 'YI(I - 0 + 'Y)"
These two expressions, taking into account (B.12), give the long run rate of
human capital accumulation at a lower rate equal to
(B - p - 8)(1- 0) + 'Y(B - p)
u(I-o+'Y)
(I-o)(B-p-8)
u(I-o+'Y)-'Y .9H -
The external effect, therefore, induces more rapid physical than human capital
accumulation in such a way that, overall the economy grows faster.
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